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IHTROIUCTIOF 

For  many  years  physiologists  have  beon  tryinf;  to   obtain  an 
ob.lective   tt  st  for  fatigue   in  human  bein^js.  The  problem  presents 

many  difficulties.       The  principle  comi^lications  are  due  to   the  u.i- 
usuaUy  sensitive  emotional  response  mechanism  which  e;:ists  in  man. 
Even  when  relatively  simple   tests  of  physiological  work  iiave  been 
a tterajited.  sympathetic   inhibitory  ano   stimulating  mechanisms  have  made 
the   interpretation  of  the  results  difficult. 

In  the  past  decade  various  investigators  have   turned  to  a 
study  of  Spontaneous  activity   and  fatigue   in  lower  mamiaals   in   trie  hope 
of  throwing  some   light  on  the  fundamental  problem  of  the  relation  be- 
tween activity,   rest  and  fatigue   in  these  animals.         The  following 
paper  deals  with  a   study   of   tais  problem  in   the  case  of  the  guinea  pig. 

It  is  generally  believed  among  laboratory  workers  th&t  guinea 
pigs  are  vpry    miet  animals.       '2hey  will  sit  quietly  in  a  comer  of  the 
cage   for  many  hours  vhen  anyone  is   near  then.       This    inactivity   is 
apparently  due  to  an  inhibition  from  fear.       If    -uinea  pigs  are  placed 
in  a  quiet  environment  under  normal  conditions   of  temperature,  humidity, 
and    illumination  they  exhibit  an  hyi  er-activity  vrtiich,   so   far  as   is 
known,    is  unique  among  mamraals.       3y  means   of  activity-recording  cages, 
continuous  records  extending  over  several  months  have  bnen  obtained, 
which  show  the  activity   of  the  t^inea  pig  to  be  organized  on  an  en- 
tirely different  plan  from  that  of  other   rodents   such  as  rats  and  mice. 
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Periodic  alternations   of  complete  rest  and  activit.v  are  conspicuously 
absent.  Continuous  and   intermittent  activity  periods  are  present   in 

the   records  but    there  are  no   indications  of  protracted   intervals  of 
sleep,  which  are  familiar  phenomena  with  rats  and  mice.       'i.'uere  is 
likewise  an  absence   of  diurnal  and  nocturnal  rhytlim. 

Studies  have  been  made   of   the   influence  of  chanced  environ- 
mental conditions  and   the  relation  of  forced  activity   to  food  and  rest. 

The  activity  of  the  guinea  pig  and   the  rat  has  also  been 
c  )mpared  under  identical  conditions.       The  details   of  these  exjieri- 
raents  -rvi  th  typical   illustrations  are  contained  in   the  bod;"-  of   this 
paper. 


BEYIKw^  0?  "Zm   LITElJATUIiE 

In  reviewing  the  literature  I  liud  taat  very  little  work 
has  been  done  on  the  studj'  of  the  normal  amount  of  activitv  and  quiet 
of  animals  in  their  natural  envir3nment.    From  the  life  stud;-  of 
various  aninals  statements  are  nade  based  upon  casual  observation  but 
very  little  actual  experimental  work  has  been  done  under  controlled  con- 
d  i  ti  ons , 

In  using  the  term  "quiet"  I  do  not  necessarily  mean  sleep. 
With  most  of  the  invertebrates  and  some  of  the  vertebrates  it  is  diffi- 
cult to  determine  whether  an  animal  sleeps  or  not«  Authors  also  differ 
as  to  the  interpretation  of  the  word  "sleep".     Quiet,  as  iiere  used, 
simply  means  a  period  of  Imnobility. 

Starting  with  the  lowest  form  of  animal  life,  the  amoeba, 
Giblis  (1908)  found  that  this  small  animal  showed  definite  periods  of 
activity  and  quiet.   These  periods  alternated  during  the  twenty-four 
hours  and  their  degree  and  uuration  depended  upon  the  nature  and  abun- 
dance of  food, 

Hodge  and  Ackins  {1895)  studied  the  daily  life  of  the  pro- 
tozoan Vorticella  and  found  it  showed  no  quiet  periods  at  all  but  was 
continuously  active. 

It  is  difficult  to  determine  the  amount  of  activity  and  quiet 
among  the  lower  forms  of  invertebrates  because  of  their  size  and  habit 
of  life.  This  is  especially  true  of  aquatic  forms.  Sliest  movements  of 


the  water  may  be  mistaken  for  activity  on  the  part  of  the  organism. 
Among  the  molluscs,   Szymanski    (1920)    found   that   In  Septonber  the 
large-shelled  snail    (Helix  pomatla)    spent  ten  hours   out  of  the   tvjentj?- 
four  in  activltv  and  fourteen   in  quiet. 

Pieron  (1913)   made   some   careful  observations  on  the   shrimp, 
crab  and   lobster  and  found   that  periods   of  immobility.-  were   frequent, 
'i'he  crab,   he   states,  v/ould  remain  (;uiet  for  a  considerable   length  of 
time  especially  during  the  uay. 

The  crawfish  (Astacus  fluvlatllls)   according  to  Szymanski 
(I.e.)    has  7.5  hours   of  activity  and  16.5  hours  of   quiet  with  rather 
long  periods   of  each.       The  quiet  periods  occur  cliiefly  during  the 
night. 

Pieron  (I.e.)    founo   that   the  states  of  activity  and   quiet 
among  the   insects  were  more   like  tuose  of  the  higher  vertebrates. 
Most  of  the  diurnal  insects  remain  quiet  during  the  hours  of  night  and 
are  active   throughout   the  day.       Arnold  Pictet    (1904)  made   similar  ob- 
servations upon  butterflies.     ?aey  remain  quiet  from  5  or  6  o'clock  In 
the  evening  until  9  or  10   the  next  morning.       The  nocturnal  varieties 
ranaln  quiet  for  16  hours  out   of  the  twenty-four. 

Sisymanski    (I.e.)    found   that  the  roach  (dlatta  orlentallsl 
spent  only  5  hours   in  activity  and  19  hours   in  quiet,   being  most 
active  between  six  in  the  morning  ami   twelve  at  noon.  The  blowfly 

(Musca  vomltorial.  during  the  month  of  August,    is   quiet  during  the 
day  and  is  mo.it  active  from  six  to  twelve  at  uignt. 
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The  periods  of  activity  and  quiet  are  more  definite  and 
more  easily  distinguished  among  the  vertebrates.     Among  the  lower 
forms  the  periods  are  less  frequent  and  of  longer  duration,  A  humber 
of  observations  have  been  maae  upon  fishes,   Verill  (1897)  states 
that  all  fishes  that  he  has  observea  remainea.  immobile  during  the 
hours  of  the  night.   Pieron  (l.c),  on  the  other  hand,  fcwnd  some 
varieties  of  fishes  that  remained  active  all  of  the  time.   He  aoes 
not  believe  that  the  nocturnal  fishes  are  ever  inactive, 

Szymanskl  (l.c.)  found  that  goldfish  spena  8  hours  in 
activity  and  16  hours  in  quiet,  being  active  uuring  the  aay. 

Szymanski  states  that  the  tree  frog  (Hyla  arborea)  during 
July  ana  August  spends  only  3  hours  in  activity  ana  the  rest  in 
quiet,  two  short  activity  perioas  alternating  with  two  long  quiet 
periods.  He  found  the  snake  (Tropidonotus  natrix)  in  September  had 
an  activity  period  of  d.   hours  ana  a  continuous  quiet  period  of  Z2 
hours.  '■Vith  the  lower  vertebrates  it  is  characteristic  to  find 
but  two  periods,  one  of  activity  and  one  of  quiet.   The  activity 
comes  during  the  aay  or  night  accoraing  as  the  animal  is  aiumal  or 
nocturnal. 

Uith  the  higher  forms  of  vertebrates  especially  the  mammals 
there  is  more  variation  in  the  amount  of  activity  and  quiet.   The 
periods  also  alternate  more  frequently.   Most  biras,  however,  are 
like  the  lower  forms  of  vetebrates.  They  tena  to  remain  quiet  dur- 
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ing  the  hours  of  the  night  and  to  be  active  during  the  day, 
Szymanaici  (I.e.)  carried  out  some  experiments  with  the  canary  and 
found  it  was  continuously  active  from  six  In  the  morning  until  six  at 
night.   It  remained  quiet  from  six  at  night  until  six  the  next  morning. 

Szymanski  {l,c.)  worked  with  a  number  of  man-jnals.  He  found 
the  white,  gray  ana  dancing  mouse  spent  about  half  their  time  in  activ- 
ity ana  half  in  quiet,  the  time  of  activity  ranging  from  10  to  14 
hours.   The  dancing  mouse  showed  one  long  activity  period  of  10  hours 
and  seven  very  short  periods  alternating  with  periods  of  quiet.  The 
white  mouse  had  sixteen  short  periods  of  activity  alternating  with 
periods  of  quiet  and  the  gray  mouse  twenty-three  activity  periods 
of  even  shorter  duration  auring  the  twenty-four  hours. 

The  white  rat  showed  10  hours  of  activity  broken  into  ten 
short  periods.   The  rabbit  showea  12  hours  of  activity  divided  into 
Id   short  periods  and  1^  of  quiet  similarly  divided.  The  cat  had  only 
4,5  hours  of  activity  divideu  into  seven  aifferent  periods  and  the 
dog  6,75  hours  divided  into  thirteen  periods.   The  young  infant  showea 
10  hours  of  activity  ana  14  hours  of  quiet.   In  all  of  these  animals, 
with  the  exception  of  the  mouse  there  is  little  difference  in  the 
amount  of  activity  during  the  twelve  hours  of  the  day  as  compared 
with  the  twelve  hours  of  the  night, 

Slonaker  (1907)  studied  the  spontaneous  activity  of  white 
rats  in  revolving  cages  ana  founa  that  the  amount  of  activity  varied 
with  age.   He  found  that  the  age  of  greatest  activity  as  represented 


by  the  number  of  revolutions  of  revolving  cages  ranges  from  87  to 
laO  days.   The  rat  spends  much  more  time  in  rest  than  in  activity 
and  is  more  active  at  night, 

Richter  (19^1)  found  that  the  white  rat  showeu  four  to  ten 
activity  periods  during  the  twenty-four  hours  and  was  most  active 
during  the  night.   He  also  found  that  the  amount  of  activity  de- 
creased with  age. 

Dr.  W.  R.  Kiles  (private  communication)  states  that  Dr. 
J.  Aub  has  found  great  difficulty  in  studying  the  resting  metabolism 
of  rabbits  due  to  the  fact  that  they  are  never  or  very  seldom  in- 
active. 

I  can  find  no  work  that  has  been  done  concerning  the  amount 
of  activity  and  quiet  of  the  guinea  pig.   Alien  (1934)  states  that 
the  guinea  pig  seems  to  be  more  active  in  the  dark  than  in  the  light 
but  she  made  no  experimental  study.   The  general  impression  among 
animal  experimenters  seems  to  be  that  in  the  laboratory  guinea  pigs 
are  unusually  quiet  animals.   It  is  interesting  to  note,  however, 
that  guinea  pigs  apparently  never  assume  a  characteristic  sleeping 
pose  like  that  of  a  dog  or  rat  or  mouse,  and  that  thus  far  I  have 
faileu  to  find  anyone  who  recalls  having  seen  a  guinea  pig  sleeping. 


CHARACTi::RIbTICS  OF   THE  GUIMSA  PIG 

Many  theories  have  been  put  forth  concerning  the  original 
ancestor  of  the  guinea  pig,  but  so  far  the  actual  origin  of  most  of 
the  varieties  of  the  present  doinestic  guinea  pig  is  unknovm. 
l«ehring  (1889)  believed  that  Oavia  cutlerl  of  Peru  is  probably  the 
ancestor  of  the  domestic  guinea  pig.   It  agrees  closely  with  the 
guinea  pig  in  cranial  characteristics  and  it  is  found  in  a  region 
where  the  guinea  pig  has  been  aomesticated  for  a  long  period  of  time 
as  witnessed  by  mumrr.ified  guinea  pigs  having  been  found  buried  with 
the  deaa.   Ivehring  (1893)  crossea  Cavia  operea  from  Argentina  with 
the  guinea  pig  and  the  result  was  a  fully  fertile  hybrid. 

Castle  and  wright  (1916)  obtainea  several  wild  specimens 
of  Cavia  cutler!  fran  Peru  and  from  a  careful  study  they  reach  the 
following  conclusions: 

"The  complete  fertility  of  the  hybrid  proaucea.  by  crossing 
wild  Cavia  cutler!  with  the  guinea  pig  is  striking  in  contrast  vilth 
the  sterility  of  hybria  between  Cavia  rufescens  ana  the  guinea  pig 
as  observea  by  Detlefsen  (1914).  This  indicates  that  Cavia  cutler! 
is  the  actual  wila  ancestor  of  the  guinea  pig  or  closely  relatea  to 
that  ancestor.   Since,  however,  l.ehring  has  reported  that  Cavia 
operea  frar.  Argentina  also  produces  fertile  hybrids  with  the  guinea 
pig  it  seems  likely  that  these  two  species  are  closely  relatea  to 
each  other  am  might  interbreeo.  freely  if  the  respective  ranges  were 


not  completely  separated.  It  seems  possible  also  that  both  species 
have  contributea  to  the  proauction  of  the  domesticatea  form  or  that 
still  other  species  have  contributea  to  producing  it," 

Dr.  Glover  1!,  Allen  (private  communication)  believes  that 
the  common  guinea  pig  now  in  general  use  as  a  laboratory  animal  is 
probably  native  to  Brazil. 

Among  rodents  the  rat  ana  the  guinea  pig  represent  extremes 
of  a  series  in  regara  to  the  development  of  their  young  at  birth. 
The  young  of  the  rat  are  born  in  a  very  immature  conaition.   Their 
eyes  are  closed,  they  have  no  hair,  ana  their  nervous  systems  are  en- 
tirely unmeaullate-i .   The  g-ainea  pig  is  born  very  mature,  its  eyes 
are  open,  it  is  cover-d  with  hair,  ana  it  is  quite  able  to  take  care 
of  itself  at  birth.   Allen  (1S04)  founa  its  nervous  system  to  be 
almost  completely  meaullated , 

•latson  (1903)  [p. 65]    found  that  the  memory  processes  in 
the  white  rat  were  not  present  until  the  twelfth  day  and  maturity  was 
reached  at  the  twenty-third  to  the  twenty-seventh  aay  (p,83). 
Allen  (p. 340)  (l.c)  on  the  other  hand,  lound  that  the  guinea  pig 
leamea  a  simple  path  on  the  second  day  and  upon  the  thira  day  solved 
the  most  canplex  problem  it  was  ever  able  to  solve. 

The  gestation  perioa  in  the  guinea  pig  is  67-66  days  (L'inot 
1891)  (p. 143)  and  the  litters  are  small,  usually  two  or  thr-^e  young. 
The  weight  at  birth  averages  70  grams  (Minot)  (l.c.  p,109).    The 
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young  are  weaned  at  the  end  of  the  second  week  and  sexual  maturity 
is  reached  at  the  fourth  month,  although  there  is  a  gradual  increase 
in  weight  up  to  the  twelfth  month.    Dr.  V.-.  E.  Castle  (private  com- 
munication) states  that  he  believes  '.'the  aavance^  stage  of  development 
at  birth  is  a  airect  consequence  of  a  long  period  of  gestation  or 
vice  versa  as  you  please  to  consider  the  cause  and  effect  relation". 
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APPARATUS 

The  apparatus  used  to  determine  the  amount  of  activity  of 
the  guinea  pig  was  similar  to  the  one  used  by  Richter  (19^1)  in  his 
work  on  the  activity  of  the  rat,  (Plate  I).   It  consisted  of  an 
equilateral  triangular  cage  25  inches  on  each  side.   The  bottom  was 
made  of  plaster  board  reinforced  on  each  side  with  narrow  strips  of 
wood.  The  sides  were  maae  of  14  mesh  mosquito  netting,  8  inches 
high.   Each  cage  weighed  about  ^  pounds.   This  cage  rested  upon  the 
points  of  three  large  screws  one  inch  in  length.   The  screv/s  had 
their  heads  soldered  to  sirall  metal  discs  about  an  inch  in  diameter. 
These  aiscs  restea  upon  rubber  membranes  which  were  stretchea  over 
the  top  of  especially  constructed  brass  cups.   These  cups  were  1.25 
inches  deep  and  <i.l2  inches  in  diameter  and  at  the  center  or  the  bottom 
a  metal  nipple  1.25  inches  long  was  inserted.   Holes  were  borea  in 
the  table  on  which  the  apparatus  was  assemblea  ana  the  metal  nip  -les 
projectea  through  these  holes.   The  cups  then  rested  upon  the  table. 
The  jTubber  tubing  from  the  three  metal  cup  nipt  les  was  brought  to- 
gether by  means  of  a  glass  four-way  connection.   A  long  piece  of 
tubing  joinea  the  four-way  connection  to  a  Hai^ard  tambour  writing- 
lever.   Any  movement  of  the  cage  was  transmitted  by  air  pressure 
throught  the  cups  to  the  tambour  and  then  to  the  kymograph  via  the 
writing  lever.  The  cages  were  made  as  light  as  possible  so  as  to 
rest  easily  upon  the  rubber  membranes  and  to  increase  their  sensitiv- 
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ity.   Respiratory  movements  were  not  recordea  but  all  muscular  move- 
ments were  recoraeu  including  quiet  eating,  scratching,  etc.  The 
recoras  were  taken  on  a  long-paper  isymograph. 

The  guinea  pigs  were  fatigued  by  being  run  in  a  revolving 
cage.  The  apparatus  consisted  of  a  wire  drum  5.6  feet  in  circumfer- 
ence and  10.5  inches  wide,  (Plate  II).   A  cardboard  partition  was 
put  in  the  midale  of  the  cage  so  that  two  guinea  pigs  coula  be  run 
at  the  same  time.   The  drum  was  driven  by  an  electric  motor,  the 
speea  being  controllea  by  two  sets  of  reaucing  pulleys  and  a  rheostat, 
A  cyclometer  recordea  the  number  of  revolutions  of  the  drum. 

All  activity  experiments  were  carriea  on  in  a  brick  vault 
.dO.3  feet  long  and  7,51  feet  wiae  which  was  15  feet  below  the  surface 
of  the  ground.   This  vault  in  the  former  Physics  Laboratory  of  Johns 
Hopkins  University  was  especially  constructed  by  Dr.  Rowlana  for  his 
dividing  engine.   It  was  designed  to  maintain  a  constant  temperature 
and  humiaity  and  to  be  free  from  all  vibrations.   These  variables 
had  to  be  kept  constant  in  the  present  expeilinents  and  thus  the  vault 
offered  ideal  conaitions.  A  further  advantage  was  the  absence  of 
noise.   The  temperature  in  the  dark  was  19.5°  C  and  never  varied 
more  than  one  degree  in  either  direction.  Vi/hen  the  room  was  lighted 
by  two  75  watt  nitrogen  daylight  bulbs  the  temperature  rose  about 
two  degrees  ana  then  remaineu  constant.   The  relative  humiaity  in 
the  aark  was  42^  and  in  the  light  AA'fo  as   measurea  by  the  sling  psy- 
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chrometer.       No   one  was  allowed  to  enter  the  room  except  the  ex- 
perimenter,  and  then  only   long  enout^  to  feed  the  aui.aals  and  change 
the  paper  oa  the  kymograph. 


14. 


MATERIAL 

All   the  cuinea  pigs  used   in  these  expprlnents  v^re   of 
health^'  atock  and  varied   in  size  from  aoo  graraa   to  300  grama.     They 
were  ail   of   the  cororaon  snort-haired  variety.        In  all  experiments 
when  a  group  of  animals  was  used,   half  were  males  and  half  were 
females.        '2he  guinea  pigs  were  kept   in  the  vault  for  at   least  a 
week  before   the;'  were  used  in  any  e:q5erinent   so    is  to  become  accus- 
tomed to   the  new  environment.        -he  food  consisted  of  oats  and  water 
which  the  animals  had   in  their  cages  all  of  the  time  and  three  times 
a  week  they  were  gi'^en  cabbage  and  carrots.     The  bedding  consisted  of 
one   or  two   inches   of  cut  hay.       The  i^ainea  pigs   that  were  being  used 
during  an  e;:periraent  were  kept   in  the  vault  all  of  the   time  even  when 
no  record  was  being   taken   of   their  activity.     The  vault  apparently 
offered  a  splendid  environment  for  the  growth  and  development  of  the 
guinea  pig.       The  growth  curve  of  the  animals  usee  followed  closely 
the  growth  curve  for  guinea  pigs  as  plotted  by  Uinot   (I.e.).       It 
v;as  found   that  if  guinea  pigs  were   taken  upstairs    into   the  animal 
room,   after  being  in  the  vault  for  some   time,    they   soon  lost  weight, 
became   ill  and   frequently  died. 

'±he  guinea  pigs  T.'ere  aandled  constantly  and  soon  became 
very   tame.       .after  a  week  or   texi  days   taey  v;ould  not  be  frightened  by 
the  experimenter's   entering  the  vault  and   instead  of  remaining    juiet 
they  would   run  about  their  cages   squealing  noisily.  In  only  one 


15. 


case  did  a  guinea  pig  became   sick   in  the  vault  and   that  was   in  one 
of   the  fatigue  experiments.       ?here  were  na  deaths. 
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OEIERAL  ACTIVITY  OF  THE  QUniEA  PIS 

ACTIVITY   III  ::HE  DAM; 

As   it    is   generally  believed   that   the  £;uinea  pig  is  most 
at  aoroe  and  mast  active    in  the  dark,   the  first  set  of  experiments, 
which  endeavored  to   pat  the  (,-uinea  pig  in  his  most  natural  environ- 
ment, was  carried  on  in  the  dark. 

Six  healthy  guinea  pigs,   three  raalea  and   three  females, 
whose  weight  ranged  from  182-.'^16  grams,  were   chosm  for  the  experi- 
ment.        They  were  taken   into  the  vault  nnd  each  was  put   into  a 
separate  recording  cage.     They  were  given  cut  hay  for  bedding  and 
oats  and  water.       They  were  kept  in  their  respective  cages  for   three 
days  before  any  records  were  taken   of   their  activity  so   aa  to  become 
accustomed  to  their  nev?  surroundings.       The   light  was   turned  on  for 
about   fifteen  minutes  each  morning  auring  feeding   time,    but  othenviS€ 
the  room  was   in  total  darkness.       There  were  no  cracks  where  light 
could  enter  as  the  room  opened  by  a   tight  fittinf:  aoor   into  a   larger 
room  which  was  also  dark.       The  door3  both  at   the  top  and  bottom  of 
the  steps  which  led  into  the  vault  were  kept  shut,     Jhere  was  there- 
fore no  possible  way  for  any  daylignt   to   enter   the  rooms. 

The  e:-periment  was  started  at  nine  o'clock  in  the  morning 
and  was  continued  for  a  week,  every  raoveiaent  of  the  six  guinea  pigs 
being  recorded    throu^out   this   period.       A  single  kj'raograph  sheet 
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contained  the  activity  of  the  six  guinea  pigs  for  twenty-four  hours. 
The  activity  of  each  guinea  pig  was  recorded,  one  directly  under  the 
other,  with  a  time  line  at  the  bottom  marking  each  hour,  i'hus  in 
a  week  seven  separate  records  were  obtained,  each  showing  the  activ- 
ity of  six  guinea  pigs  for  a  period  of  twenty -four  hours.  Three 
separate  weeks'  records  in  the  dark  were  made  in  all.  One  was  made 
in  the  spring,  one  the  following  fall,  and  one  a  fev;  weeks  later  in 
the  fall. 

A  week's  records  were  tacked  on  the  wall  in  tlie  order  in 
which  they  were  taken  and  a  careful  study  was  made  of  them.   In  all 
the  records  there  was  the  same  general  picture.  ?he  guinea  pit;8 
snowed  almost  continuous  activity,  (Plate  iV) .    The  activity  was 
divided  into  two  phases;  1)  periods  of  "continuous"  activity  in  vmich 
there  were  no  rest  or  q^uiet  periods,  and  2)  periods  of  "intermittent" 
activity  in  which  there  were  a  number  of  miet  periods  varying  in 
length  from  a  fraction  of  a  minute  to  ten  minutes.  There  were  no 
long  rest  periods  whatsoever  in  any  of   the  rocords.   The  periods  of 
continuous  activity  varied  in  length  from  five  minutes  to  several 
hours.  These  periods  alternated  with  the  periods  of  intermittent 
activity  and  were  always  considerably  longer  than  the  latter.  There 
vms   a  tendency  for  the  six  guinea  pigs  to  be  continuously  active  at 
the  same  time.   This  point  will  be  discussed  later  in  the  paper. 
j;uring  continuous  activity  the  movements  v.'ere  more  violent  than  in 
tne  periods  of  intermittent  activity. 
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Besides  a  careful  studj;  of  the  records,  it  was  thought 
advisable  to  devise  a  method  by  which  to  obtain  a  numerical  criterion 
of  the  , actual  amount  of  activity  shown  by  each  guinea  pig.  In  this 
way  the  amount  of  activity  of  the  six  guinea  pigs  could  be  compared 
with  each  other  on  the  same  and  on  different  days.  Also  the  activity 
of  one  guinea  pig  could  be  conpared  on  the  seven  different  days.  V/e 
hoped  to  obtain  a  numberical  figure  ndaich  represented  the  approximate 
amount  of  activity  of  a  guinea  pig  in  the  dark  for  twenty-four  hours. 

The  method  finally  decided  upon  was  to  measure  all  activity 
periods  which  contained  no  quiet  periods  of  2.5  minutes  or  more  in 
length.  This  was  done  by  means  of  a  small  map  measurer,  (Plate  II  b). 
The  instrument  was  set  at  zero,  placed  at  the  beginning  of  an  activ- 
ity period,  and  run  along  until  it  cane  to  a  quiet  period  an  eighth  of 
an  inch  or  more  in  length.  The  instrument  was  taen  carefully  lifted 
from  the  paper  and  put  down  again  on  the  other  side  of  this  (juiet 
period  and  run  along  until  another  quiet  period  an  ei^t  of  an  inch 
or  more  in  length  appeared  in  the  record.   The  total  amount  of  ac- 
tivity in  feet  and  inches  was  tnen  recorded.  Only  twenty-three  hours 
were  measured,  the  hour  between  nine  and  ten  in  tiie  morning  not  being 
counted.   Duriny  this  hour  eadi  day  tne  paper  was  changed  on  the 
kymograph  and  there  was  a  loss  of  time  varying  from  five  minutes  to 
half  an  hour.   The  guinea  pigs  rere  continuously  active  at  this 
hour  because  they  were  fed  and  also  were  disturbed  by  the  lignt  and 
the  presence  of  the  experimenter.  As  the  conditions  were  not  the 
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same  at  this  time  compared  with  the  other  hours  of  the  ciaj',  because 
of  these  disturbing  elements,  it  was  thouf^'ht  best  to  eliminate  tais 
hoar. 

The  total  length  of  paper  which  represented  the  twenty-three 
hours  was  measured  from  the  time   line,   and  the  number   of  inches   of 
paper  which  represented  one  hour  was  detexroinecl  by  diviuing  the  total 
length  by  tv/enty-three.       The  total  aurabei'.  of  inches  of  activity  was 
then  divided  by  the   length  whicn  represented  one  hour  and   the  amount 
of  activity  in  time  was  determined.       The  results  were  tabulated  in 
chronological    order  and  the  averages  obtained.  By  practice  a  fair 

aTiount  of  accuracy  was  obtained  in  meaauring  the  amount  of  activity 
ana   the  error  did  not  vary    nore    taan  plus  or  minus   three  per  cent. 

£iy  this  method  the  giiiiiea  pib"s  showed  extreme  activity   in 
the  dark.       Out  of  the  twenty -three  hours,   the  siaallest  amount  of 
activity  for  any  one  animal  was   17.5  hours  and  the  largest  amount  ^3 
hours.        I'he  average  for   the   six  guinea  pigs  for  seven  days  varied 
from  19.69  hours   to  21.73  hours   out  of   the  twenty-three,   and  the 
average  activity  for   the  six  guinea  pigs  in    the  dark  was  20.8  hours 
out  of  the  twenty-three,   or  at  the   rate  of  21.6  hours  out  of  the  twenty- 
four.       The  absolute  activity  for  twenty-four  hours  was  actually  greater 
than  the  calculated  21.6  hours,   since  during  the  anticipatory  excitement 
of  feeding  the  animals  were  in  continuous  notion.     The   snail  amount  of 
rest  was  broken  up   into  numerous   si-iort  periods  averaging  three   to 
four  minutes  in  length,     "^he  longest   rest  period  on  any  record  was 
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ten  miniites. 

The  quiet  periods   of  less  than  one   eighth  of  an  inch  were 
measured  with  the  total  amount  of  activitj?  for  two  reasons.       First, 
in  measuring  the   length  of  the  activitj'  periods   it  was  impossible  to 
leave  out   the  quiet  periods  of   Icgs  tiian  one-eighth  of  an  inch  with- 
out  introducing  a  considerable  error.       The   instrument  -.oulci   have   to 
be   lifted   from   the  paper  a  great  many  more    times  and  this   factor   in- 
creases  the  rossibility  of  error  in  the   total   length.         Secondly, 
tne    piet  periods  of  leas  than  one-eif^th  of  an  inch  are  approxi- 
mately one  thirty-second   to  one    3i::teenth   of  an  inch  in  length  which 
represents  but   .6  to   l.H  minutes   in  time.        It  was  found  by   observa- 
tion that  slight  movements    such  as    quietly  chewing  were  not  recorded 
by  the  levers  and  these  mi^^t  account  for  some    of   the  periods, 
iilso   tne  guinea  pig   is  extre-nely  sensitive   to  sounds  even  those  caused 
by  the  gnawing  or  scratching  of  other  guinea  pigs.       Whatever  the 
cause   of   these  momentary  quiet  periods   they  are  more  or  less  constant 
in  all  of  the   records  and  as  all   the  records  are  measured   in  the  same 
war  thev  can  be  comoared  witli  each  otner  without  introiiucing  an  error. 
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ACTIVITY  III  THE  LIGHT 

The  next  set   of  experiments  was  carried  out  under  exactly 
the  same  conditions  as  those  in  the  previous  experiment  with  one  ex- 
ception .       xhe  room  in  this  case  was  constantly  lighted  by  two   75 
watt  nitrogen  dayliglit  bulbs  v,hich  were  suspended  directly  ovf-r  the 
cages.     The   same  set   of  guinea  pics  was  used  as   in   the  above  e^q^eri- 
nsent.       The-^  were   left   in  their  separate  cages   for   three  days,   so  as 
to  become  accustomed  to  the  light  before  any  records  v,-ere   taken. 

The  e:q)eriment  was  started  at  nine   o'clock  in  the  morning 
and  was  continued  for  a  week.        .'wo   sets  of  records   in   the  light  were 
taken  about   two  months  apart.  In   the  first  set,    the  paper  was 

changed  every  twenty-four  hours  and   in  the  secona    the  urum  wua  run 
faster  and   the  paper  was  cnanged  every  twelve  hours.       The  records  ob- 
tained were  tacked  ou  the  wall   beside   the   set  taken  in  the  dark  and 
the  two  were  compared.       There  was  practically  no  difference  in  the 
two  sets  of  records,    (Plate  V).  There  was  tne   same  general  picture 

of  extreme  activity  broken  up   into  periods   of  "continuous"  activity 
and  periods  of  "intermittent"  activity.       These  periods  were  essen- 
tially similar   in  both  dark  and  light  records  and  tne  rest  periods 
were  not   typically   longer  or  any  more  fre  juent  in   the   light    than  in 
the  dark. 

ay  actually  measuring  the  activity  periods,  aa  in   ihe  pre- 
vious experiment,    the  following  figures  i-^^re  obtained:        out  of  the 
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twenty-three  hours   the   s-nalleat  amount  of  activity'   for  any  one  guinea 
pig  was  15.6  hours  and   the  greatest  22.6  hours.  '2he  average  for 

the   six  guinea  pigs  for  seven  da;"S  varied  from  19.4  hours   to  iil.bo 
hours  and   the  average  activity  lor  tiie  six  guinea  pigs  for  a  week  in 
the  light  was   lJ.83  hours  out   of  twenty-three  or  at  the  rate  of  20. 6t 
hours  out   of  the   twenty-four.     Thus   in  comparing  the   total  activity 
of   the   six  guinea  pigs   in  the  dark  wit  i  the  total  activity  in  the 
light,    there   is  one  hour   less  activity  in  the  light  per  day,   or  a  de- 
crease of  'i.o  per  cent. 
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BISTigflUglOK  OF  ACCLIVITY 

The  f-uinea  pig  divides  iiis   time  into  pt  liods  of  "con- 
tinuous '  activit:;  and  periods   of    ■iutermittent"  activity.        It   is 
difficult   to  count   tae  number  of  periods  of  eacn,   since  the  t>eriod8 
frequently  run  into  each  other.       xioughly,    they  vary   from  fourteen  to 
twenty-three  of  each.         Ae  continuous  activity  periods  vary  in 
length  from  five  minutes   to  three  or  four  hours  and  their  lencth  does 
not   correlate   in  any  way  with  the  foiiOwin^"  periods  of  intermittent 
activity. 

In  Plate  III,   1,   the  continuous  activity  periods  of  the 
same  guinea  pigs  are  plotted  on  three  different  days,     x'eriods  v;ere 
chosen  of  over   ten  minutes  in  length  a»d  which  v;ere    broken  oy  uo    iuiet 
periods.       There    is  no   tendency  for  the  guinea  ])ic  to  be  active  at 
the   sane    time  each   twenty-four  hours.       The  activi  ty   seems  to  be  even- 
ly distributed  over  the  twenty -four  hours  and  there  is  no  nocturnal 
or  diurnal  rhythm.     The  periods  of  "continuous"  activity  are  greater 
in  length  than  the  periods   of   "intermittent"  activity. 

in  r-late  III,   2,    the    'continuous"  activity  periods   of  three 
different  guinea  pigs  in  the  dark  are  plotted  for  twenty -four  nours. 
i'late  III,   3,  shows   the  activity  of  the  same  tiiree  guinea  pigs  for 
twenty -four  hours   in  the  li^t.       Three  successive  days  of  each  are 
plotted,       in  the   original  records  there  seems   to  be  a   tendency  for 
the  guinea  pigs   to  stimulate  each   other  to  activity.       They  appear   to 


24. 


be  all  "continuously;"  active  at   trie   saiae    time.       This  does  not  snow 
up  as  well   in   the  plotted  picture  as  in  the   oritjinal  records, 
j^latea  17  and  7. 


25, 


COMPAiaSOK  OF  ::HE  activity  of  SIHGLE  ANIMALS  AND   GROUPS 

At   this  point,    the    question  arose  as  to  the  poesibility 
of  the  six  guinea  pics  stimulating  each  other  and  thus   increasing 
their  nornal  amount   of  activitr'.        In  order  to   decide  this   question 
an  e:xperiment  was  carried  out  in  which  a  guinea  pig  \sa3  placed  alone 
in  the  vault  and  his  activity  recorded.       This  procedure  was  repeated 
using  different  guinea  pigs  and   two  days'    records  were   taken  of  each 
animal.        In  two  further  experiments  the  activity   of  two  guinea  pigs 
and  a  group  of  six  guinea  pigs  was   studied.       The  same  guinea  pigs 
were  used  throughout  the  experiments.     The  work  was  carried  out  in 
the  dark. 

Jhe  records  were  measured  and   the  avera,:e  activity  for  the 

different  groups  was  determined.     The  results  were  as  follows: 

Activity  for   one  guinea  pig  alone:  20,55  hours 

Activity  for  two  guinea  pigs,    side  21.j5  hours 

by  side  but  in  separate  cages: 

Activity   for  six  guinea  pigs   in  a  group       20.38  nours 
of  separate  cages: 

From  these  results   there   is  apparently  no  significant  differeiice   in 

the  amount   of   activity  of   the  giinea  pig  whether  alone  or   in  groups. 
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IKFLUEMC3  OF  AGE  UPttq  ACTIVITY 

Slonalcer  (1907)  ana  Richter  (1920)  both  found  in  the  study 
of  the  white  rat  that  the  amount  of  activity  decreased  with  age.  A 
set  of  experiments  was  therefore  carriea  out  to  see  if  this  was  true 
in  the  case  of  the  guinea  pig. 

Records  were  taken  in  the  dark  of  the  activity  of  four  young 
guinea  pigs  one  month  ola.   Records  were  also  taken  of  four  aault 
guinea  pigs  between  eight  and  nine  months.   We  had  at  hand  records  of 
six  guinea  pigs  three  months  old  and  of  the  same  guinea  pigs  six  weeks 
later.   The  results  obtained  by  measuring  the  amount  of  activity  are 
found  in  Tables  4i,  3,  6,  7.   Briefly  they  are  as  follows: 

Average  activity  of  guinea  pigs  one  month  old         21.19  hours 

"      "      "    "     "  three  months  old      21.6   " 

••     "      "    "     "  four  ana  a  half       20.38  " 
months  old 

"      "     "    "     "  eight  months  old      21.18  ■' 

There  is  apparently  little  difference  in  the  amount  of  activ- 
ity of  guinea  pigs  ranging  in  age  from  one  to  nine  months.  The  records 
of  the  older  guinea  pigs  have  the  same  general  appearance  as  those 
of  the  younger.  The  amplitude  of  the  movements  is  higher  with  the 
olaer  guinea  pigs  because  of  their  increase  in  weight. 
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RBLATIYiJ  AGTI7ITY   OF  MAL^a  AMD  PatALES 

In  the  experiments  on  the  activity  of  guinea  pigs  in  the 
dark  and  in  the  light  in  each  case  three  male  and  three  female  guinea 
pigs  were  used.   A  study  was  made  here  of  the  activity  of  each  group 
to  see  if  the  amount  of  activity  varied  with  the  sex.   Richter  (16^1) 
founa  in  the  case  of  the  white  rat  that  in  the  revolving  drum  the 
females  were  more  active  than  the  males. 

Prom  Table  <d  it  is  found  that  in  the  dark  the  average  amount 
of  activity  of  three  female  guinea  pigs  is  ^lAO  hours  and  of  three 
male  guinea  pigs  ^<i.01  hours.   The  male  guinea  pigs  show  in  this 
case  an  increase  of  activity  over  the  females  of  .61  hours.   In  the 
light,  from  Table  4,  the  females  have  <d0,44  hours  of  activity  and  the 
males  ^1.18  hours,  with  an  increase  in  the  case  of  the  males  of  .74 
hours.   Thus  both  in  the  light  ana  in  the  dark  the  male  guinea  pigs 
show  a  slightly  greater  activity  than  the  female  guinea  pigs. 
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THE  IKFLUBKOa  OP  FOCD  UPOK  ACTIVITY 

The  guinea  pig  is  an  herbivorous  animal  and  spends  most  of 
his  time  eating,  when  he  is  not  eating  the  food  provided  he  nibbles 
at  pieces  of  hay  and  sits  quietly  chewing.  An  attempt  was  made  in 
this  set  of  experiments  to  determine  the  part  that  food  plays  in 
the  activity  of  the  guinea  pig.   If  food  is  partially  or  completely 
removeu  will  the  guinea  pig  still  continue  to  be  as  active? 
Pood  one  hour  a  day. 

The  same  six  guinea  pigs  were  used  as  In  the  previous  ex- 
periment and  the  work  was  carried  out  in  the  dark.  All  food  and 
bedaing  was  removed  from  three  of  the  recording  cages  and  paper  bea- 
aing  was  substituted  for  the  hay.   At  nine  o'clock  in  the  morning 
the  six  guinea  pigs  were  weighed  and  the  experiment  was  started, 
three  guinea  pigs  being  without  fooa  and  three  controls  with  food. 
The  next  morning  at  nine  o'clock  the  six  animals  were  again  weigheo. 
and  the  three  guinea  pigs  without  fooa  were  given  food  for  one  hour, 
water  was  left  in  the  cages  all  of  the  time.    At  the  end  of  the 
hour  all  the  food  was  again  removed  from  the  same  three  cages.  This 
was  continued  for  seven  days  and  recordj  were  carefully  taken  of  the 
amount  of  activity  ana  rest.   The  guinea  pigs  were  always  weighed 
at  nine  o'clock  in  the  morning  just  before  they  were  fed.  The  three 
control  animals  were  also  weighea  at  this  time. 

The  amount  of  activity  shown  on  each  record  was  then 
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measured  by  means   of  the  map  measurer  and  the  data  were   tabulated. 
As  in  the  previous  experiments,   the  activity  for  twenty-three  hours 
only  was  measured.     The  time  between  9  a.m.  and  10  a.m.,  when   the 
guinea  pigs  were   fed  and  the  recording  paper  was  changed,   was  not 
counted.       From  the  data  obtained  the  average  amounts   of  acti-'ity 
for  the  three  guinea  pigs  fea  for  one  hour  a  day   for  seven  days   .were 
^1.33  hours,   ^Z,0  hours  and  iiO,93  hours,  making  an  average  of  ^lAi 
hours  of  activity  in  the  twenty-three  hours  for  the   three  guinea 
pigs,   or  at  the  rate  of  Zd.^  hours  in   the  twenty-four;   the  three 
control  guinea  pigs  had  averages  of  activity   for  seven  days  of  .il.95 
hours,  <il.05  hours  and  ^1.5  hours,   showing  an  average  of  ;il.5  hours 
of  activity  in   twenty-three  hours,    or  at   the  rate  of  22,3  hours  out 
of  twenty-four  hours.         Thus  the  three  guinea  pigs  without  food 
showed  no  significant  decrease  in  activity  althouo'h  the  amount  of 
food  eaten  each  day  was  considerably  less   than  that  of  the  three 
control  guinea  pigs. 

Since  there  was  no  aecrease  in  activity,  we  expected  to 
find  a  loss  in  weight  each  day  ana  this  was  actually  the  case,  Ctoe 
guinea  pig  showed  a  loss  in  weight  of  41  grams  the  first  day  and 
only  had  13  hours  of  activity.  The  cause  of  this  great  loss  both 
in  weight  and  activity  was  quite  obscure.    Guinea  pig  P  did  not 
show  any  loss  in  weight  the  first  day  and  guinea  pig  D  showed  a  loss 
of  10.5  grams.  The  controls  showed  gains  of  6.5  grams,  5  grams  and 
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Figure  1   -  Percentage  loss   in  v/eight  per  dav  of  three  guinea  pigs 
fed  for  one  hour  a  day  for  seven  days.       ^'he  three  controls   (upper 
curves)    had  food   in  their  cages   throughout   t'np  experiment.       liee 
Table  9  for  conmlete  data. 
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5  grams  the  first  day.  The  average  loss  in  weight  for  the  week  for 
the  three  guinea  pigs  without  fooa  was  -iS.S  grams  while  the  average 
gain  for  the  control  animals  was  11.0  grams.   It  is  fair  to  assune 
that  if  the  three  guinea  pis^s  without  fooa  had  been  given  their 
normal  rations  for  the  week  they  woula  not  only  have  laaintained  their 
original  weight  but  woula  probably  have  shown  a  proportional  in- 
crease of  weii;ht  of  approxims-tely  11.0  grams  like  the  controls. 
Therefore  the  total  average  loss  in  weight  for  the  three  fasting 
guinea  pigs  may  be  considered  as  40,8  grams  or  13,6  grams  per 
guinea  pig.   Thus  the  fasting  guinea  pigs  maintaineu  their  normal 
activity,  but  at  the  expense  of  their  body  weight. 


32, 


Ho  Food. 

As  a  checlc  on  the  above  experiment  another  one  was  carried 
out  in  Which  three  guinea  pigs   .vere  not  given  any  food  at  all  for 
three  aays.       This   tine  the  faod  and  cut  ha^'  bedding  v/as  removed  from 
three   of  the  cages  and  no  pa-'oer  bedding  v/aa   substituted.     Wire  mos- 
quito netting  was  put   over  the   bottom  of  the  cages   so   as  to  prevent 
the  guinea  pigs  from  nibbling  at    the  cardboard.     'Jhree  healthy  guinea 
pigs  v/ere  chosen  all  weighing;  over  300  grams.      Three   otliers  were 
chosen  for  controls. 

The  guinea  pigs  that  were   to  be  starved  were  weighed  and 
the  experiment  was  atarted.       The  following  day  at  tae  same  hour  the 
three  guinea  pigs  were  again  weighed  and  again  on  the  second  and  tnird 
day.       At  the  end   of  the  first  day  the  three  guinea  pigs  without  food 
seemed  very  restless  and  ran  about   their  cages  squealing.         Un  the 
second  day   one  seemed  sick  while   the   other  two  were  quite   lively. 
On  the  third  day  all    three   sat  humped  up  with  their  eyes  ^.artly  closed 
and  seemea  to  move  with  difficulty,     vhey  were   given  food  grauually 
and  within  a  week  tney  were  v/eighed  again  and  all  but  one  had  re- 
gained his    original  we  ight. 

ihe  records  obtained  were  measured   in  the  usual  way.     Vhe 
first  day   the   starved  guinea  pigs   showed  an  average  amount  of  activity 
of  15.6  hours  while  the  controls  had  an  average  of  18,4  hours.     On 
the  second  day,   the  starved  guinea  pigs  showed  an  avera^^  activity  of 
18,7  hours  as  comnared  with   18.5  hours   shown  by  the  controls.     On  the 


third  daj7,   the   three    starved  guinea  pigs  showed  7.1  hours,   7,1  hours 
and   7.6  hours   of  activit."  respectively,  making  an  average  of   7.3  hours. 
The  controls   had  17.3  hours.       ?hus   on  the  first  and  second   daj'  there 
was   little  falling  off  of  activitj'  as  compared  with  the  controls  but 
on  the  third  day  the  amount   of  activity  decreased   over   50  per  cent. 

In  comparing  the  activity  with  the   loss   in  weight,  we  find 
the  loss    the  first  day  was   the  least,    i.e.    6,0  grams,   5.5  grams  and  7,0 
grams.       The  loss  on  the  second  day  was  much  greater   -  id4,0  grans, 
33.5  grans,  and  31.5  grams.     This  was  also   the  aay  on  xiiiich    the  averag-e 
amount  of   activity  was    tne  greatest.         On  the  tnird  day  the   loss   of 
weight  was  21.5  grams,    19  grams,   and  21,0  grams.       is   in  the  previous 
experiment  the  three  guinea  pigs  continued  their  activity  at   the  ex- 
pense of  their  body  weight  up   to  a  certain  point. 

It   is    interesting  to  note   in  this   experiment  that  the  con- 
trol guinea  yigs  did  not  saov;  as  much  activity  as  was  found  in  pre- 
vious experiments.         As   these  guinea  pigs  were   the   same  as  were  used 
in  many  of   the  other  experiments  this  may  have  been  cue   to   the   influence 
of   the  starved  guinea  pigs,        Jhe  control  guinea  pigs  snowed  tlieir 
smallest  amount  of  activity  on  the   taird  day  when  the  activity  of   the 
starved  animals  had  fallen  off  over  50  per  cent.       The  reduced  activ- 
ity of   the  fasting  guinea  pigs  may  have  had  an  inhibiting  effect  upon 
the  controls. 
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Figure  2  -  Starvation  Experiment.     Three  pics  \vere  kept  without 
food  for   three  day3.       The  graph  shows   the  T)ercentage  weight-loss 
with  subsequent  recover kig.       oee  Table  11  for  cornpleto  data. 
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THE  IHFLUEflCE  OF  PHvalCAL  KCiaUSglOK  UPON  ACTIVITY 

In  tnis   set   of  experiments  we   studied   the  relation  be- 
tween physical  exhaustion  produced  by  forced  running  in  a   motor-driven 
drum  and  subseq^uent  activity.     In  some  of  the  experiments  a  separate 
food  cage  was  connected  to   the  :aain  cage  by  a  small  opening.     The 
food  cage  was    set  upon  separate  tanbours  and  all  novements  were  re- 
corded  independently  on  the  druia.       The  piiri:)Ose  of  this  was  to  de- 
termine the  amount  of  time   the  guinea  pig  spent  in  the  food  cage. 

Six  guinea  pigs  were  used  Varying  in  weight  from  249   -  314 
grams.       Other  guinea  pigs  were  used  as  controls,     A  guinea  pig  was 
weighed  and  placed  in  the  motor -driven  drum  and  made  to  run  until  he 
was  exhausted.     An  ani  :al  was  considered  exhaustea  when  lie    lay  on 
his  back  or  siae  and   let   the  cage  slide  under  him  and  wnen  he  re- 
mained in  the  same  position  for  some  minutes  aftfir  the  drum  was 
stopped,       tie  was  again  weighed  and  innediately  taken  down  into   the 
vault  and  put  into   the  recording  cage  for  two  hours,     xhe  records  were 
Spread  out  more   than  in  the  earlier  experiments  in  order  to  emphasize 
individual  raove:nents.     Tne   six  guinea  pigs  were  e.vhausted  in  the   same 
manner  and  records  were  taken  of   their   oehavior  afterwards, 

in  all  of  the  records   the  guinea  pigs  remained  quiet  for 
ten  or  i' if  teen  minutes  and  then  began  eating.     They  ate  continuously 
while   they  were  in  the  cage.       Vhe  records   show  a  continuous  line  of 
s:nall  movements  such  as  are  registered  by  eatiq^j  and  there  are  few 
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vigorous  movenents.   '.Vhere  the  food  cage  is  attached  the  records 
snow  that  within  a  few  minutes  the  guinea  pig  entered  the  food  cage 
and  remained  there  for  what  remained  of  the  two  hours,  eating  all  of 
the  time.  2ae   records  of  the  control  f-uinea  pigs  showed  more  vigorous 
raoveTients  and  considerablv  less   eating  novements. 

Upon  observation  the  three  guinea  pigs  sat  humped  up  he- 
side  the  dish  of  food,  with  their  ej;e8  partly  closed  but  chewing 
vigorously.  They  did  not  move  their  position  when  the  experimenter 
entered  the  vault  or  snow  any  fear  when  touched.  They  did  not  re- 
spond to  any  stimulus  except  the  one  aroused  by  the  desire  for  their 
food. 

■'•t  seems  therefore  from  these  results  that  eating  is  more 
essential  than  sleeping  in  the  recovering  of  guinea  pigs  from  fatigue. 

it  is  interesting  to  note  that  the  heavier  the  guinea  pig 
and  consequently  tne  older  the  longer  it  took  for  tne  guinea  pig  to 
become  exhausted.  Uata  concerning  the  weights  of  the  pigs  and  the 
times  ano  distances  run  are  given  in  Table  12  in  tlie  apiendix. 
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1'HE  DTFIUENCE  OF  THVIPERATTIRE  UPON  ACTIVITY 

Durinp  the   first  part  of  the  experimental  work  we  ob- 
served a  constant  tendency  in  our  guinea  pigs  to  stretch  out   on  the 
bottom  of  the  cage  and  remain  inactive  for   long  periods   ..heu  the 
temperature  was  between  75*^  -  80^  F.     This  was  not  an   inhibition  be- 
cause  of  fear  as  the  guinea  pigs  were  all  verj'   tame.     These  long 
periods   of  inactivity  were  believed  to  be  caused  by  the  high  tem- 
perature and  the  matter  was  further   investigated  by  the  follov/ing 
experiment. 

Three  young  guinea  pigs  were  put   into  separate  recording 
cages   in  a    small  room  in  the  vault.     The  ruober  tubing  from  the 
cages  was  passed  through  small  holes  in  the   door  frame  anu  con- 
nected with  the  recording  device  outside  the  door.       The  door  was 
kept  shut  and  was  opened   only  a   few  minutes  each  day  to  give  the 
guinea  pigs  fresh  water  and  food.     The  room  was  heated  by  a  Ma.les- 
tlc  elpctric  heater.     A  Frips   thermograph  recorded  the  temperature. 

Records  were  taken  of  the  amount   of  activity    of  the  guinea 
pigs  at  the  normal  temperature   of  the  vault,    65°  P.,   for  four  days. 
91he  electric  heater  was   then  turned  on  for  four  days  and  records 
were   taken  of  the  activity   of   the  guinea  pigs.         Tne  heater  was 
turned  off  for  twenty-four  hours  and   then  put  on  again  for  four  daj  s, 
and  activity  records  were   taken. 

The  records  -.TBre  measured   in  the  usual  way  and  tne  amount 


of  activity   for  each  dmv   ia  recorded    in  Table  I'd  in   the  appendix. 
The  averace  anount  of  activity  for  the  three  t^'uinea  pigs  at  the   nor- 
mal teraperature  of  the  vault,    65^  P.,  was  20.8  hours.         As   the   tem- 
perature  increased   the  amount   of  activit."  decreased,    (See  Pifure  3). 
At  79°   there  was  19.1  hours  of  activity  and   at  85''   there  vraa   12.1 
and   12,5  hours   of  activity'.         '^rTiea  the  electric  heater  was  turned 
off  for  twenty-four  hours   the  ter:?)erature  fell  to   79°  and   the  anou;it 
of  activity   rose  to  15.1  hours.       The  room  was  again  heated  and  the 
temperature  rose   to   87°  and  the  anouat  of  activity  decreased  to  7.9 
hours  on  the  la^t  day. 

The  general  appearance  of  the  records    is  quite  different 
for  the  days  V7aen   the   temperature  was  hi^rh  as  compared  with   the  nor- 
mal activity  recoras.       The    'continuous'  activity  periods  are  very 
short  anu  are  broken  by  s:aort  quiet  periods.     The  amplitude  of  the 
movements  is  considerably   reduced.       There  are  long  periods   of  ab- 
solute   luiet  wnich  are  never  round   in  a  normal  activity  record.     We 
find  from  this  experiment  that  there   is  a  aecideu  decrease  in  the 
activity  of  tae  guinea  pig  with  an   increase   in  temperature. 
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A  tlEASUia:  OF  FATIGUE   PI  THE  GUEIEA  PIG 

In  connection  v/ith  a    study  of  the   relation  between  fatigue 
and   susceptibility   to  pneuraococcus    infections   in  f-uinra  pigs, 
Nicholls  and  Sy-aeth   (1922),  we  attempted   to  find  an  objective  cri- 
terion of  fatlcue   in  guinea  pigs.        iy  activity-  records  we  hoped   to 
show  a  definite  decrease   in  activity  with  each  increase    in  the  anount 
of  work  done  bj;  the  guinea  piijs. 

Four  healthy  guinea  pigs  v;ere  chosen  for   the  e>:T)eriment 
varying  in  weight  from  ^45  -  330  grams,   two  males  and  two  females. 
Four  other  guinea  pigs  of  about  the  sarne  weight  were  chosen  as  con- 
trols.        The  eight  animals  v/ere  taken  down  into  the  vault  and  kept  in 
an  especially  constructed  cage.     This   cage  was  made  of   14  inch  mesh 
mosquito  netting  ten  inches  hijrh  with  a  bottom  of  plaster  board 
covered  with  -.vire  neeting.  It  was  5  feet   long  and   1.5  feet  wide. 

The  cage  was   set  up  on  six  brass  wire   springs  whicn  were  so   con- 
structed as  to  be  practically  as   sensitive   to  movements  as  the  record- 
ing cages,  which  were  set  up   ou  rubber  tambours.     The  purj^ose  of   this 
was   to   accustom  the  guinea  pig  to   the  spring  or  vi oration   of  the  re- 
cording cage  and  thus  eliminate  any  stimulating  effects  vhich  might  re- 
sult when  the  animals  were  put  into  the  recording  cages   for  the  first 
time.     This   reserve  cage  moved   slightly  up  and  down  with  each  movement 
of  the  guinea  pigs.        Food,  water  and  cut  "nay  were  kept    in   the  cage  at 
all   times  as   in   the  recording  cages. 


The  guinea  pigs  were  first  kept  in  the  "reserve"  cage 
in  the  vault  for  one  week;  so  as  to  become  acoustomed  to  the  new  con- 
ditions of  temperature,  humidity  ana  extreme  quiet.  They  were 
handled  frequently  so  as  to  eliminate  as  far  as  possible  the  fear 
element  ar.a  become  accustomea  to  the  experimenter.  Also  during  the 
week,  they  were  put  into  the  revolving  cage  for  fifteen  minutes  at  a 
time  ana  taught  to  run  smoothly  instead  of  sliding.  Some  learned  very 
quickly  in  tne  first  trial  while  others  took  much  longer  but  once  they 
learned  they  woula  keep  running  evenly  for  hours. 

On  the  eighth  day  four  guinea  pigs  were  put  into  four  sepa- 
rate recording  cages  ana  a  record  was  taken  of  their  activity  for 
two  hours.  The  kymograph  was  then  stopped  and  two  of  the  guinea  pigs 
were  taken  upstairs,  weighed,  and  put  into  the  revolving  cage.  As 
stated  earlier  in  the  paper,  a  cardboara  partition  in  the  middle  of 
the  revolving  cage  allowea  two  guinea  pigs  to  be  run  at  the  same  time 
without  interfering  with  each  other  and  they  thus  haa  a  uniform 
amount  of  exercise.  The  guinea  nigs  were  run  until  the  cyclometer 
registered  two  hunared  ana  forty  revolutions  or  .256  mile.   The 
speea  of  the  cage  was  so  adjusted  that  this  took  approximately  one 
hour.  The  guinea  pigs  were  then  taken  out,  weighed,  ana  again  put 
back  in  their  former  recoraing  cages  ana  another  record  was  taken  of 
their  activity  for  two  hours.  At  the  same  time  records  were  also  taken 
of  the  two  control  animals  which  had  not  been  exercised  and  had  re- 
mainea  in  the  vault.  The  experiment  was  then  repeated  with  the  four 
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other  guinea  pigs,  two  being  usea  for  controls  ana  the  other 

two  exercisea  for  one  hour  ana  recoras  were  obtained  for  two  hours 

before  and  after  fatigue. 

The  following  aay  the  above  experiments  were  repeatea  with 
the  eight  guinea  pigs  but  this  time  the  animals  were  exercised  for 
one  ana  one  half  hours  or  360  revolutions,  making  a  run  of  .384 
mile. 

On  the  third  aay,  the  guinea  pigs  were  exercised  for  two 
hours  or  480  revolutions,  making  a  run  of  .51<i  mile  ana  recoras  were 
obtainea. 

On  the  fourth  aay,  the  anirr.als  were  rested.  This  was 
thought  advisable  so  as  to  eliminate  accumulative  fatigue  which 
might  be  present,  while  a  guinea  pig  might  not  show  any  or  very 
little  fatigue  after  being  exercisea  on  a  certain  day,  the  small 
amount  of  fatigue  present  might  hang  over  until  the  next  day  and  when 
he  is  again  exercised  he  might  show  more  fatigue  than  if  there  had 
been  a  day  between.  This  might  be  especially  significant  with  runs 
of  two  or  three  hours. 

On  the  fifth  aay,  the  guinea  pigs  were  exercisea  for  two  and 
one  half  hours  or  600  revolutions,  making  a  run  of  .640  mile. 

On  the  seventh  aay,  the  guinea  pigs  were  exercised  for  three 
hours  or  7^0  revolutions,  making  a  run  of  .768  mile. 

In  oraer  to  get  a  more  accurate  inaex  of  the  actual  amount 
of  fatigue  present  than  that  obtainea  by  a  careful  study  of  the  records 


a  methoa  was  aevisea  in  which  on  a  single  recora  every  movement  of 
the  guinea  pig  which  was  registerea  by  a  small  white  mark  was 
counted,  ana  the  total  movements  notea  for  both  th3  first  ana  second 
hours  before  ana  after  fatigue.  This  was  done  on  the  records  ob- 
tainea  before  ana  after  fatigue  for  each  guinea  pig  for  each  of  the 
different  periods  of  exercise,  making  forty  records  in  all.  The 
numbers  of  movements  for  each  guinea  pig  were  tabulated  ana  the  ac- 
tivity of  the  first  hour  before  fatigue  was  compared  uith  the  ac- 
tivity of  the  first  hour  after  fatigue  and  the  percentage  difference 
calculatea.  Also  the  activity  of  the  second  hour  before  fatigue 
was  compared  with  the  activity  of  the  second  hour  after  fatigue  and 
the  percentage  increase  or  decrease  noted.  This  was  worked  out  for 
each  guinea  pig,  including  the  controls.  A  record  was  kept  of  the 
loss  in  weight  of  each  pig  after  exercise. 

From  a  stuay  of  the  aata  obtained  it  was  found  that  in  com- 
paring the  activity  of  the  control  guinea  pigs  there  was  considerable 
variation  in  the  number  of  movements  of  the  first  hour  of  the  first 
record  and  the  first  hour  of  the  second  recora  and  similarly  between 
the  second  hour  of  the  first  record  and  the  second  hour  of  the  second 
record,  bometimes  there  was  an  increase  in  activity  and  sometimes 
a  decrease.  In  all  the  records  in  which  there  was  an  increase  of 
activity  the  average  increase  was  +  68.7/^  and  in  all  the  records  in 
which  there  was  a  decrease  the  average  decrease  was  -  21.37^o.  Thus 
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the  average  fluctuation  of  the  controls  was  from  -  21.37;^  to  +  66.7^. 

The  four  guinea  pigs  fatigued  for  one  hour  showed  an 
average  percentage  difference  for  the  first  hour  before  fatigue  and 
the  first  hour  after  fatigue  of  -  3.0;^  and  the  difference  for  the 
second  hour  before  and  after  fatigue  was  +  5.7^.  Thus  for  one  hour 
of  exercise  the  four  guinea  pigs  showea  in  the  first  hour  a  falling 
off  of  activity  equal  to  -  Z%  and  in  the  second  hour  an  increase  in 
activity  of  +  5.7;^.  The  control  records  obtained  at  this  time  showed 
a  decrease  in  activity  of  -  7,3^  for  the  first  hour  and  an  increase 
of  activity  of  +  Z.QFjo  Zqt   the  second  hour.  Here  the  guinea  pigs 
showea  no  fatigue  whatsoever,   (bee  Pig.  4). 

The  records  for  the  same  four  guinea  pigs  exercisea  one  and 
one  half  hours  showed  an  increase  in  activity  of  +  3.25/2  for  the 
first  hour  ana  a  aecrease  of  -  14.7)^  for  the  second  hour.  The  con- 
trols at  this  time  showed  an  increase  of  +  46.0^  and  +  66.3/^. 

when  the  guinea  pigs  were  run  for  two  hours  there  was  a  de- 
crease in  activity  of  -  27.4^  for  the  first  hour  ana  a  decrease  of 
-  Zk.(i$   for  the  secona  hour.  If  we  take  into  consideration  the  fact 
that  the  control  guinea  pigs  showed  an  average  fluctuation  of  -  21.37? 
to  +  66.7^  any  percentage  to  be  a  criterion  of  fatigue  would  have  to 
fall  below  this  number,  bince  the  two  figures  above  are  greater  than 
this  average  decrease  we  concludea  that  a  small  amount  of  fatigue  was 
present. 
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When  the  guinea  pigs  v;ere  run  for  two  and  one  half  hours, 
there  was  an  increase  in  activity  of  +  S.97^  for  the  first  hour  and 
■f  1  A%  for  the  second  hour;  while  the  controls  showed  a  decrease  of 
-  .Z/o  and  an  increase  of  +  'ti.Z.0%. 

when  the  guinea  pigs  were  run  for  three  hours,  there  was 
an  increase  in  activity  of  +  10.6}^  for  the  first  hour  and  an  increase 
of  +  S.B/j  for  the  second  hour.  The  controls  showed  an  increase  of 
+  AZ.\%  and  +  55.2%.     The  loss  in  weight  varied  from  0  gram  to  15 
grsaiB.  The  average  loss  in  weight  for  the  first  hour  of  exercise 
was  1,5  grams,  for  one  and  one  half  hours  2,1  grams,  for  two  and  one 
half  hours  4,6  grams,  and  three  hours  8.2  grams. 

In  all  the  data  obtained,  in  only  one  instance,  that  of  two 
hours  of  activity,  was  there  the  slightest  eviaence  of  fatigue. 
Since  the  guinea  pigs  were  fatigued  for  two  hours  the  day  after  they 
were  fatigued  for  one  ana  one  half  hours,  this  case  may  perhaps  be 
considered  one  of  accumulative  fatigue  especially  since  the  next  records 
taken  two  days  later  with  an  increasea  amount  of  exercise  showed  no 
fatigue  whatsoever.  Thus  the  guinea  pig  was  not  fatigued  but  on  the 
contrary  was  trainea  to  run  for  long  perioas  without  becoming  fatigued. 
In  this  case,  the  aninals  showed  no  fatigue  at  all,  after  running  .768 
mile  while  in  the  previous  experiment  guinea  pigs  of  about  the  same 
weight  were  completely  exhaustea  after  running  .73  mile  and  .77  mile. 
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The  experiment  was  not  carrea  out  any  further  because  un- 
fortunately one  guinea  pig  became  sick  ana  another  injured  his  foot 
while  running.  It  is  interesting  to  note,  however,  the  extreme  en- 
auranoe  of  the  guinea  pig  with  a  very  small  amount  of  training. 
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Figure  4  -  Average  fluctuation  of  activity  the  first  hour  (upper 
curve)  and  the  second  hour  (lower  curve)  for  fatigued  guinea  pigs 
and  controls.    See  ?able  14  for  complete  data. 


THa  MATURE  OF  THE  ACTIVITY  AM)  RaST  CF  THE  SUIK^A  PIS 

Prom  the  records  obtainea  of  the  activity  of  the  guinea 
pig,  it  was  found  the  activity  was  divideo.  up  into  periods  of  continu- 
ous activity  and  intemittent  activity.  The  latter  contained  nvmerous 
short  quiet  periods.  The  question  therefore  arose:   Is  the  guinea 
pig  practically  continuously  active  with  just  snatches  of  rest  or 
does  he  actually  go  to  sleep  ana  move  in  his  sleep?   The  only  way  to 
settle  the  question  was  to  watch  the  guinea  pigs  and  find  out  by  ob- 
servation. 

For  this  experiment  a  hole  5  inches  long  and  ^.5  inches 
wide  was  cut  in  the  aoor  which  leu  into  the  room  where  the  experiments 
were  in  progress.  The  guinea  pigs  were  placea  as  near  the  door  as 
possible  and  a  foot  from  the  floor.   It  was  found  that  only  four 
cages  could  be  conveniently  observea  at  the  same  time.  Long  narrow 
mirrors  were  pl:..ced  beyond  the  two  farthest  cages  to  aia  in  seeing 
the  faces  of  the  guinea  pigs  when  their  backs  were  turned  toward  the 
observer.   The  room  was  lightea  by  two  75  watt,  nitrogen,  daylight 
bulbs  hung  low  over  the  cages.   The  observer  sat  on  a  stool  on  the 
other  siae  of  the  -oor  with  hie  eyes  about  six  inches  from  the  hole. 

The  experiment  was  startea  at  eleven-thirty  in  the  morning 
ana  continuea  until  eleven-thirty  the  next  morning.  During  the  day 
the  observer  watched  for  perioas  of  tv.o  to  four  hours  but  from  nine 
o'cloclc  in  the  evening  until  seven  the  next  morning  the  shifts  were 
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never  over  two  hours.   This  was  to  prevent  loss  of  interest  from 
fatigue  on  the  part  of  the  observer.  The  four  guinea  pigs  were 
watchea  constantly  and  every  movement  and  any  signs  of  rest  were 
carefully  notea.   Observations  concerning  the  state  of  each  of  the 
guinea  pigs  were  written  dov.-n  every  five  minutes  and  in  many  cases 
more  often.   The  original  data  are  included  in  the  appendix. 

The  following  facts  seem  worth  recoraing.  The  guinea  pigs 
dividea  their  time  into  constant  activity  and  intermittent  activity. 
During  the  former  they  ran  about  their  cages,  with  occasional  leaps 
ana  jvunps,  callea  out  to  each  other,  tried  to  climb  up  the  sides  of 
their  cages  and  gnawed  at  the  wire  netting  or  drinking  cups.   They 
would  play  with  their  food,  aig  in  the  food  dish, and  scratch  for  choice 
bits  in  their  beaaing.  They  were  wiae  av/ake  and  free  fron  any  fear. 
During  these  periods  all  the  guinea  pigs  were  more  or  less  simul- 
taneously active.   Their  activity  would  increase  to  a  certain  pitch 
and  gradually  they  vvoula  quiet  dovm   again.   These  periods  were 
longer  than  the  less  active  periods  ana  more  frequent.  They  would  vary 
greatly  in  the  pitch  to  which  the  activity  rose. 

The  intermittent  periods  were  slightly  different.   They 
might  be  aividea  into  fear,  quiet  eating,  ana  actual  rest.    The 
guinea  pigs  in  this  experiment  seemed  to  be  conscious  most  of  the 
time  of  the  presence  of  the  observer,  but  this  factor  aid  not  dis- 
turb them  to  a  great  extent  as  they  were  all  very  tame.   However, 


moving  the  stool  or  dropping  a  book  would  startle  them  and  they 
would  sit  quiet  watching  the  hole  as  long  as  fifteen  minutes  at  a 
time.   These  periods  of  fear  were  rather  frequent  due  to  the  short 
shifts. 

The  guinea  pig  would  often  sit  beside  the  food  dish  eating 
quietly  ana  it  was  noticea  that  very  slight  movements  such  as  chewing 
slowly  did  not  record  on  the  drum.   The  guinea  pig  spends  most  of 
his  time  eating.   The  actual  rest  perioas  were  few  and  of  short  du- 
ration.  A  guinea  pig  woula  relax  and  settle  into  a  little  heap  in 
a  corner  of  the  cage  ana  even  put  his  heaa  down  but  he  woula  never 
stay  quiet  for  more  than  a  minute  or  two  at  a  time.   He  woula  con- 
stantly move,  yawn,  stretch  himself,  and  make  movements  with  his  Jaws. 
He  would  remain  in  t  lis  quiet  state  for  some  time  but  he  would  con- 
tinually be  interruptea  by  something  and  then  set'le  down  again. 
In  these  rest  perioas,  the  guinea  pig  v.ould  frequently  partly  close 
his  eyes  but  in  only  one  instance  aid  an  observer  state  a  guinea  pig 
had  his  eyes  completely  closed. 

The  actual  amount  of  activity  was  measured  on  the  record 
and  also  for  the  thre:  succeeaing  days.   It  was  found  that  during  the 
twenty-four  hours  of  ooservation,  there  was  a  considerable  falling 
off  from  the  normal  amount  of  activity  as  previously  determined.  As 
stated  above  the  guinea  pigs  seemed  conscious  of  the  observer  and 
there  was  probably  an  inhibition  from  fear.   Tnis  inhibition  per- 
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sistea  to  a  less  extent  the  next  day  ana  ttisappearea  the  second  day, 
The  exact  data  are  shown  in  the  appendix. 


CCffifiPiiRATIVE  ACTIVITY  OF  THE  GUIHiuA  PI5  ;j;D  THS  RAT 

Before  completing  the  experiment  on  the  normal  behavior  of 
the  guinea  pig  it  was  thought  advisable  to  maice  some  comparative 
Btuaies  with  another  animal.   The  white  rat  was  chosen  for  this  pur- 
pose for  two  reasons.    It  belongs  to  the  same  order  as  the  guinea 
pig  and  its  siae  is  convenient.   A  male  white  rat  is  not  much  smaller 
than  a  jroiuig  guinea  pig.   Furthermore,  Richter  (I.e.)  has  made  an 
extensive  study  of  the  behavior  of  the  rat. 

In  these  experiments  a  study  was  made  of  the  activity  of 
the  guinea  pig  and  rat  when  together  in  the  vault  and  also  when  alone. 
Any  stimulating  effects  the  animals  might  have  on  each  other  were 
notea.   Any  diurnal  effects  in  the  activity  of  the  rat  and  guinea 
pig  were  observea.   The  animals  were  all  males  and  were  about  two 
and  a  half  months  olu.  The  four  animals  were  put  into  separate  re- 
coraing  cages  in  the  vault  with  a  rat  alternating  with  a  guinea  pig. 
As  the  cages  were  arrangea  ir.  the  fonn  of  a  square  a  rat  haa  a  guinea 
pig  on  each  side  of  him  and  a  rat  opposite  him.   A^l  four  cages 
were  covered  with  mosquito  netting.   The  wire  netting  was  necessary 
to  prevent  the  rats*  escaping  from  their  cages.   It  v.as  pu'  over  the 
ciijes  of  the  guinea  pigs  so  as  to  mate  the  conaitions  the  same.  The 
animals  w  re  given  their  customary  uiet.  The  guinea  pigs  had  cut  hay 
for  beaaing  and  oats  and  water.  The  rats  were  given  paper  beading 


and  oatmeal  and  millc.  The  experiments  were  carrieu  on  in  the  dark. 
In  the  first  experiment  the  four  animals  were  taken  into 
the  vault  and  records  were  taken  of  their  activity  for  periods  of 
twentj-four  hours.   The  records  were  then  measured  as  in  the  previous 
experiments.   This  time  the  amount  of  rest  was  determined  as  well  as 
the  amount  of  activity.  The  two  guinea  pigs  in  four  days  showea  an 
average  activity  of  d2,,de   hours  while  the  rats  showed  11.5  hours. 
Thus  the  guinea  pig  was  almost  twice  as  ac^lve  as  the  rat.     The 
guinea  pig  showea  an  average  of  1,75  hours  of  rest  and  the  rat  an 
average  of  l<i,5  hours.  The  guinea  pig  spent  9Z%  of  the  twenty-four 
in  activity  and  7%   in  rest,  while  the  rat  spent  48/o  of  the  time  in 
activity  and  5Z%   in  rest. 

There  is  a  possibility  in  the  aoove  experiment  that  the 
rats  and  guinea  pigs  might  have  ii.i'luencea  each  other  to  greater  or 
less  activity  than  normal.   Therefore  another  experiment  was  carried 
out,  in  which  the  rats  and  guinea  piga  were  pjt  in  the  vault  alone 
ana  ti^eir  activity  recorded.  The  two  guinea  pigs  were  taken  into  the 
vault  ana  their  activity  was  recordea  for  two  days,  then  they  were 
rem.oveu.  and  the  two  rata  wei-e  taken  down  and  their  activity  was  re- 
corder for  two  days.  The  guinea  pigs  showed  an  average  activity  of 
21,^5  hours  and  the  rats  an  average  activity  of  9,87  hours.  In  the 
same  period  the  guinea  pigs  showed  a. 77  hours  of  rest  and  rata  14.1 
hours.  Thus  the  guinea  pigs  when  alone  spent  69%   of  their  total 


time  in  activity  and  11%  in  rest.  The  rats  spent  41%  of  their  total 
time  in  activity  ana  5S>  in  rest.   If  we  consider  5.P7  hours,  the 
amount  of  activity  when  the  rat  was  alone  as  his  normal  activity,  the 
relative  increase  in  activity  when  the  rat  was  with  the  "lainea  pig  is 
16.5,j  while  the  guinea  pig  showea  an  increase  of  ohly  4,6^.    The 
extreme  activity  of  the  guinea  pig  may  have  disturbed  the  rat  and  pre- 
vented him  from  taking  as  much  rest  as  would  normally  be  the  case. 

In  comparing  the  amount  of  activity  during  the  day  with  the 
amount  of  activity  during  the  night,  the  guinea  pirr  and  the  rat  are 
quite  different.  The  day  is  taken  from  six  in  the  morning  to  six 
at  night  and  tiie  night  from  six  in  the  evening  to  six  the  next 
morning.  The  guinea  pig  shows  10.4  hours  of  activity  at  night  and 
10.8  hours  auring  the  day.   The  rat  shows  e.Z'?   hours  of  activity  at 
night  and  3.6  hours  during  the  day.   There  is,  therefore,  an  increase 
of  activity  at  night  of  about  60^  which  agrees  with  the  well  known 
nocturnal  habits  of  the  wild  rat.   The  absence  of  a  distinctly  noc- 
turnal habit  in  the  guinea  pig  is  strikingly  demonstrated  both  by 
the  above  figures  anu  in  many  of  the  other  experiments  recorded  in 
this  paper. 
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Figure  5   -  The  average  activity  of  two  ^^uinea  pigs  and  two  rats 
on  four  successive  days.     See  Table  17  for  canplete  data. 
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Figure  6  -  The  average  rest  of  two  guinea  pigs  and  two  rats  on 
four  successive  days.   See  Table  18  for  complete  data. 
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COI^CLLJglOHS 

1»  T/hen  guinea  pigs  are  j^laced  in  an  environment  free  from 

all  external  stimuli  and  under  constant  conditions  of  tenperature 
(ca.   68     P.)    and  42fc  relative  humidity,    they  exhibit  a   state  of  hyper- 
activity.    ?here  are  no  periodic  alternations  of  complete  rest  and 
activity.     ':'he   time   is  divided   into  periods  of  "continuous"  activity 
and  "intermittent"  activity.     During  the  farmer  they  are  continuously 
active  and   in  the  latter  the  periods  are  broken  by  small  rest  periods 
averaging  three  to  four  minutes   in   length.        There    is  no  nocturnal 


show  an  average  activity  of  21,6  hours   out   of  the  twenty -four. 

2.  '.Vith   constant   illumination  ana   the  same   temperature  as 
above,   guinea  pigs  show  an  average  activity  of  20»6'i:  hours   out  of  the 
twenty-four.      There   is    thus  approximately  5;;a  less  activity    in  the   light 
tnan  in  the  dark. 

3.  lu  comparing  the  activity  of  single  animals  anu  groups   it 
was  found  that   the  presence  of  other  normal  guinea  pigs  does  not  sig- 
nificantly effect  the  activity   of  a  single  pig. 

4.  'Jhere    is  appare:itly  little  difference   in  the  a:nount  of  activ- 
ity of  guinea  pigs  ranging  in   age  from  one   to   nine  months,     The  young 
guinea  pigs   showed   an  average  activity    of  21,19  hours,    the   three  month 
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animals   21,6  hours,   and    the  nine  month  olu  guinea  i;igs  iil.lS  hours. 

5.  in  comparing  the  activity  of  the  sexps,   the  male  guinea  pigs 
s  lowed  a   slightly  greater  average  activity    than  the  females.       In  the 
dark   the  difference   is  2.fl,i  and  in  the   li^t  3.<i. 

6.  Guinea  pigs  fed  for  an  hour  a   day  showed  a  slightly  hi^^er 
average  activity  than  when   they  had  foou  iu  the  cage  all   of  the   time, 
"hey   s-iowed  in  a  week,   however,   an  average   loss   in  weight  per  guinea 
pig  of  13.6  grams. 

7«  V/hen  three  guinea  pigs  were  given  no  food  for  three  days, 

there  was  a  falling  off  of  activity  from  lb. 6  hours   to   7.S  hours. 
There  was  also  a  rapid  decrease   in  weif^t. 

8.  'i7hen  guinea  pigs  vere  fatigued   to  the  point  of  extreme  ex- 
haustion  in  a  revolving  cage,  upon  being  put  back  into   their  recording 
cages,    they   immediately  started   to  eat  and  continued  for  at  least 

two  hours.      It   seems   from  these  results  that  eating  is  more  essential 
than  sleeping   in  the  recorvery  of  the  guinea  pig  frara  fatigue. 

9.  ?he  amoui.t  and  uistributiou   of   the  activity  of  the  guinea 
pig  is   influenced  by  the  external    temperature.     At  higli  temperatures 
(80  -  SS''  ?.    )    the  normal  activity  of  the  g.inea  pigs  drops   off  over 
50>.       At  a  high  temperature   they   saow  snort  activity   periods  and 
long  periods   of    juiet. 
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10.  If  a  b'uinea  pij;  is  exercised  by  beioi^   forced  to  run  in  a 
revolving  drum  he  can  be  trained  to   run  33  far  as    .768  miles  without 
showing  any  faticue  whatsoever. 

11.  By  observation  it  was   found  that  during  "intermittent" 
activity  guinea  pigs  vould  settle    into  a   relaxed  condition  but  would 
never  remain  ^uiet  for  more   than  tvm   or   three  minutes  at  a   time.      In 
these  short  rest  periods   the   guinea  pig  would  partly  close  ais   eyes 
and   sometimes  rest  his  head   on  the  hay  bedding.     The  guinea  pig  spends 
the  greater  part  of  his  time  eating. 

12.  In  comparing  the  guinea  pig  with  the  waite  rat,  the  guinea 
pig  was  found  to  spenu  89^  of  the  tv/enty-four  hours  in  activity  and 
ll/i  in  rest.  The  rat  was  found  to  spend  41, b  in  activity  and  59>i  in 
rest.  Jhe  activity  of  the  guinea  pig  was  evenly  divided  between  the 
day  and  the  night.  The  rat  was  found  to  be  30;6  more  active  at  night 
than  in  the  day. 

13.  it  ia  certain  that  sleep  does  not  play  a  role   iix  the  normal 
life   of  the  guinea  pig  comparable   to  the  sleeping  of  rats,  mice  and 
other  manmals. 
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ObservatiOD  axperiment 


Pigs  heard  the  noise  I  made  in  getting  settled  and  became  quiet 

in  a  few  minutes  and  began  to  eat. 
11:40  -  1  violently  jumped  around,  rest  eating. 
11:50  -  2  sitting  quiet,  eyes  open  watching  hole.  (I  kicked  door 

accidently.) 
11*53  -  3  sitting  quiet,  eyes  open  watching  hole, 
12j00  -  2  and  3  sitting  quiet  watching  hole,  1  and  4  eating. 
12:05  -  1  and  4  sitting  quiet,  eyes  open  watching  hole. 
12;10  -  All  sitting  quiet,  eyes  on  hole,  seem  to  be  conscious  of 

my  presence. 
12:20  -  All  resting,  eyes  open  or  partly  closed.  Relaxed  appearance. 
More  a  state  of  rest  than  sleep.  Move  frequently,  nibble 
piece  of  straw,  yawn,  scratch  themselves,  etc, 
12:25  -  3  started  in  to  eat,  1  also. 
12:27  -  2  began  to  eat,  4  only  one  resting. 
12:35  -  All  eating  or  cleaning  themselves,  4  still  quiet,  eyes 

half  closed  for  short  periods  of  a  few  seconds. 
12:40  -  3  ana  4  quiet. 
12:50  -  1,  3  and  4  quiet,  2  eating. 
1:00  p.m.  2,  3  and  4  moving  about,  1  resting, 
1:03  -  All  eating. 

1:06-2  quiet,  ears  twitch,  eyes  not  visible, 
1:08-3  very  active. 

1:11  -  2  appears  to  be  sleeping,  rest  eating. 
1:14  -Doors  slam  upstairs  -  no  effect  on  guinea  pigs  (nor  ring 

of  bell). 
1:17  -  Door  slams  very  hard,  2  turns  head,  others  pay  no  attention. 
1:17+  -  Door  slams  even  harder,  all  guinea  pigs  tremble  slightly. 
1:18  -  2  stretches  and  chews,  (others  still  eating),  begins  to 

drink  and  be  active, 
1:23  -  1  resting  in  relaxed  position,  eyes  not  visible,  3  playing 

with  overturned  glass. 
1:25  -  1  makes  slight  movements. 

1:26  -  Sudden  movement  in  other  cage:  all  four  motionless. 
1:28  -  1  still  resting,  others  eating,  3  and  4  very  active. 
1:29  -  1  scratches  ear,  turns  over,  eye  almost  shut,  scratches  again, 
1:32  -  1  and  3  resting,  eyes  invisible,  breathing  pronounced. 
1:34  -  2  makes  sudden  movement  and  1  turns  head. 
1:35  -  Sudaen  sound  in  vault,  all  at  attention,  turn  so  that  one 

eye  is  on  door. 
1:37  -  1,  3  and  4  quiet,  eye  of  3  half  shut, 
1:38  -  Loud  noises  ao  not  disturb  3,  eyes  same. 
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1:45  -  Tiven  carrots,  all  eating. 

2:00   -  All  eating. 

2:07  -  2  and  4  resting. 

2:10  -  All   :|uiet,   3  eyes  partly  closed,   4  eyes  not  visible. 

2:15  -  1  active. 

2:20  -  1  and  2  active,    3  and  '±  resting. 

2:30   -  All   quiet. 

2:40   -  All  resting,  eyes  visible. 

2:50  -  1  and  4  quiet,   2  and  3  eating. 

3:00  -  All  eating. 

3:10  -  Dro;  ped  card,   frightened. 

3:20  -  All    iiiiet,   apparently  aware  of  ray  presence. 

3:25  -  V/ent   into  room  and  all  began  to  call   out  and  run  about. 

3:30  -  2  and  3  quiet,  rest  active,    quietly  eating. 

3:40  -  2  and  3  quiet,   rest  active,   quietly  eating. 

3:50   -  3  qi^Jiet,   rest  active,    quietly  eating. 

4:00  -  3  quiet,   rest  active,    quietly  eating,    little  running  about. 

4:05  -  All   eating. 

4:10  -  All  eating. 

'i:20  -  All  eating,  1  keeps  same  position. 

4:22  -  3  and  ^  resting,  eyes  half  open. 

4:26  -  Door  slams. 

4:28  -  3  and  4  start  at  movement  of  2,   2  quiets  down,  at   rest  eye  open. 

4:30  -  1  still  eating,  2  and  3  at  rest,  eyes  two-thirds  open,   •*  at 

rest,   eyes  not  fully  open  (hardly  visible). 
4:31   -  4  makes   sudden  start  and  looks   at   self   in  mirror,   remains  alert. 
4:35  -  1,  2  and   3  at  rest,  eyes  open,   4  watches  hole. 
4:40  -  1,   2  and  3  at  rest,   eyes  open,   4  watches  hole. 
4:45  -  1,   2  and  3  at  rest,  eyes  open,    (make  occasional  movements) 

4  eating. 
4:50   -  1  at  rest,  eyes  partly  shut;   2  at  rest  eyes   open;   3  at  rest, 

ey«s  one  half  open   (almost   falls    over,   ri£^ts    itself  suddently)  , 

4  eatizig. 
4:52  -  1  alert,  eating. 

4:55  -  1,   2,   4  eating,   3  at  rest,   eyes  half  closed. 
4:57   -  3  begins    to  eat. 
5:00   -  Axl  eating,  entered  room  to  look  at  drum,    scurrying  on  part  of 

guinea  pigs. 
5:05  -  Fright   over,   all  four   resume  eating. 
5:10  -  All  eating, 
5:11  -  IJoise   -  all  alert. 

5:12  -  1,   2  and  4  alert,   3  at  rest,  eyes  open. 
5:20   -  1  eating;   2  and  3  at  rest   (i:  begins   to  eat);   'i-  alert. 
5:25  -  1,   2  and  3  eating;  <*  alert,  motionless. 
5:30  -  iill  eating. 
5:33  -  1,   2  and  4  eating,   3  at  rest,   eyes  half  shut   (pulse  verj'   noticeable) 
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5:37  -  Door  slams. 

5:40   -  1,  2  and  4  eatliig;    3  at  rest,  eyes  half  shut. 

5:45  -  1,   2  and  -i  eating;   3  at  rest,  eyes  half  shut. 

5:46  -  Loud  noise,  wallcing  above. 

5:50  -  1  and  Z  eating;    3  at  rest  as  before;   4  at  rest,   eyes  wide  open, 

5s53  -  2  eating,    1,   3  and  •*  at  rest. 

5:57  -  3  makes  restless  raovements,   begins  to  eat. 

6:00   -  2  and  3  eating,    1  and  •*  at  rest,  eyes  wide  open. 

6:05  -  1,   2  and  3  crying  out,    ^  at  rest,   1  darts  about. 

8:06  -  All  eating. 

6:10  -  All  eating,  3  very  lively  again, 

6:15  -  Ali  eating. 

6:20  -  Entered  room  to  fix  timer. 

6:30  -  2  resting,  others  eating. 

6:35  -  3  and  4  eating  and  moving  about;   1  quietly  eating;   2  head 

down,  resting  and  watching  hole. 
6:45  -  3  and  4  eating  and  moving  about;    1  quietly   eating;   2  head  dovm, 

resting  and  watching  hole. 
6:50  -  1  and  4  eating;   2  and  3  resting;  eyes  of  3  not   visible. 
6:55  -  1  and   4  eating,    4  verj;  active;   2  and  3  resting;  rate  breathing 

of  2   -  81  per  minute. 
7:00  -  1  and  4  eating,   4  very  active;    2  and  3  resting.       Resting  pig 

does  not  stay  quiet  for  more   than  2  or  3  minutes  at  a    time. 
7:05  -  3  restin,<;;    1,   2  and  'i  active. 
7:10  -  All  very  active. 
7:15  -  All  began  to    call  each  other. 
7:20  -  All  verj'  active. 
7:25  -  All  eating,   but  less  active. 
7:30  -  1,  2  and  %  eating;    3  quiet,  respiration  84  per  minute,  eyes 

open  wide.     Hespiration  vjhen  resting  deeper   and  more  rapid. 
7:40  -  3  resting,    1,  2  and  4  eating. 

7:45  -  1  very  active;  2  and  ^  eating;   3  resting,  eyt s  half  closed. 
7:53  -  All  quiet;    2  curled  up;   3  and  4  eyes  half  closed;    3  rate  of 

breathing  84  per  minute. 
8:00  -  Same    (occasional   scratcnings,  etc.) 
8:05  -  Same,   2  still  curled  up,   eye  open,  s tretched  once. 
8:10  -  Same,  2,   3  and  4  twitch,   3  pyes  visibly  open. 
8:14  -  3  eating,   2  scratching,   1  and  -*  motionless. 
8:20  -  1,   3  anu  -k  eating,   2  still  curled  up,  eyes  open. 
8:25  -  Same. 

8:26  -  2  begins   to   eat  straw  nearby. 

8:30  -  3  and  -i  actively   eating;    1  and  2,  at  rest,   eyes  open. 
8:45  -  Same,   2  eats   strav;  nearby. 
8:50  -  All  eating,  4  more  active. 
8:55  -  All  eating,  2  more  active. 
9:00   -  All  eating  quietly    (bothered  by  fleas). 
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9:05  - 
9:06  - 
9:10  - 
9:15  - 
9:20  - 
9:25  - 
9:30  - 
9:35  - 

9:40  - 
9:45  - 

9:50   - 

9:55   - 

10:00   - 

10:35  - 

10;15   - 

10:20  - 
10:30   - 

10;45  - 

10:50  - 
10:55  - 
11:00  - 
11:05  - 

11:10  - 
11:20  - 

11:25  - 
11:30  - 
11:35  - 
11:40  - 
11:55  - 

12:00  - 
12il0  - 
12:15  - 
12:20  - 

12:25  - 


12:30 


Sane,  4  chewing,  at  rest, 

1,   2  and  3  eating  quietly;   4  at  rest,  eyes  half  closed. 

Same. 

1,  2  and  3  eating  actively   ;   4  at  rest,    chewine,    eyes  half  closed. 

2,  3  and  4  eating  quietly;    1  at  rest,  eyes  half  closed. 
Experimenter  changed  paper   in  drum. 

1,   3  and  -i  active;   2  sitting  quietly. 

No  signs   of  rest,   all  eating,   scratching,  performing  toilet, 

with  little  jumps. 

All  eating  quietly. 

1,  2  and  3  chev/ing  vigorously,  eyes  open;   4  quiet,   hunched  up 

like  a   rabbit. 

All   but  ^i  still   eating. 

All   but  3  are  chev/ing,   but  move  little. 

3  and  4  sitting  quiet;    1  and  2  watching  hole. 

iioise  upstairs,  all  pigs   sitting  quiet. 

3  and  4  resting,  eyes  partly  closed;    1  and  2  quiet,   eyes  wide 

open  watching  hole. 

3  and  4  have  eyes  partly  closed. 

3  and  4  quiet,  eyes  partly  closed;    1  resting,  eyes  on  hole, 

2  eating. 

3  and  4  very   quiet,  partly  open  eyes;    1  and  2  sittiot;  quiet 
with  eyes  on  hole. 

1  and  4  quiet;   2  and  3  quietly  eating. 

1,   3  and  t  sitting,    chewing;  2  quietly  lying  down. 

3  and  -i  eyes  half  closed,   1  and  2  quiet,  eyes  wide  open. 

1  and  2  moving  around  eating;    3  quietly  eating;    **  resting  eyes 

partly  closed;   4  very  restless,  moves  every  fev;  seconds, 

1  and  2  eating;   3  and  4   luiet,   3  nibbling  straw. 

1  eating;   2  sitting  quietly;    3  and  4  very  quiet  resting,   3 

nibbling  straw  everj'   little  while, 

1  sitting   quiet;  2,   3  and  4  eating, 

1  and  3  quiet;   2  and  4  eating. 

1  started   to  eat. 

Dropped   top   of  pen  and  frightened  guinea  pigs. 

Hot  a  pig  moved  for  15  minutes,  then  one  started  to   eat  and 

rest  remained  at  attention. 

3  eating;    1,   2  and  4   sitting  quiet. 

All  four  alert  and  eating,   but  not  running  about. 

Same. 

3  has  been  sitting  with  half  closed  eyes  for    several  minutes, 

1,  2  and    i  as  above. 

3  was  startled   once  by  a  sudden  lauveraent  of  'i,    tneu  settled   oack 

to   half  eye  closed  conaition  as  above;    4  sitting  like   3;    1  and 

2  feeding. 

3  wide  awake;   1  and  2  as  above;   4  quiet. 


12:35  -  4  wiped  nose  vigorously;   1  chewing  edge  of  drinking  cvg). 
12:40  -  3  and   15  scratch  and  bite  at  their  bodies  \7i  thout  opening 

eyes  completely. 
12:45  -  2  resting   quietly;   1  continues  attack  on  water  cup, 
12:50  -  2  and  4  quiet,  eyes  half  closed;    1  and  3  active,    scratching, 

washing  face,  etc. 
12:55  -  3  has   shifted  position;   2  sits  with  eyes  half  closed;   <*  has 

scarcely  changed  position  since  I  came  in;   1  moat  active. 
1:00  -  All  quiet. 

1:05  -  All  quiet.   -   (dropped  card  and  all  guinea  pigs  jumped) 
1:10  -  3  has   shifted  position,  eyes  are  open;   4  continues  to   have  half 

closed  eyes. 
1:15  -  All   quiet,  but  not   sleeping. 
1:20   -  Same. 

1:25  -  1  has  not  had  eyes  half  closed  at  all;   all   quiet  but  4  -  feeding. 
1:30  -  4  feeding,   others  quiet. 
1:35  -  All  alert,    3  and  4  feeding, 

1:40   -  1  and   2  at  rest,   eyes  half  closed;   3  and  4  feeding. 
1:45  -  1  has  eyes  wid«   open  watching  hole;   2,   3  and  4  same  as  above; 

2  chews  where  he  lies  at  rest,   eyes  open. 
1:50  -  All  have  been  eating  quietly. 

1:55  -  All  eating,   very  wide  awake;   4  most  contiauously  active, 
2:00  -  Same;   4   takes  numerous   drinks. 
2:05  -  Same;    4  takes  another  drink.        1  and  2  start  suddenly,  no  cause; 

1,   2  and  4  still  eating;   3  at  rest,  eyes  v;ide  open. 
2:10  -  2  reached  up   side  of  cage;   startled  others. 
2:15  -  2  and  3  at   rest;    1  and  v  eating,   4  more  active. 
2:20   -  2  curled  up,   3  at   rest;   both  show  sudden  changes  of  position, 

scratch,  etc.       2  stretches  out  more,   eyes  invisible;  4  at 

rest,  eyes  half  shut,   1  eating. 
2:25  -  2,   3  and  ^  at  rest;    i  eating. 

2:30  -  3  chews  on  neijrby  straw;  eyes   of  2  invisible;   of  t  half  closed. 
2:35  -  1,   2  and  3  eating  quietly;   4  at  rest,   head  on  one   side,  eyes 

half  closed. 
2:40  -  1,   2  and  3  eating  quietly;    4  at  rest;   noise  wiiich  startles  1, 

2  and  3  does  not  affect  4. 

2:45  -  1  still  eating;  2,   3  and  ^x  at  rest;    4  makes  continual  re- 
settling movements,  yawns,   stretches,   etc.       Door  slams,   all 
at  attention,  resume  former  pose  quickly. 

2:50   -  1   still   eating;   2,   3  and   4  at  rest,  eyes  all  open, 

2:55  -  1,  2  and  3  at  rest;  4  qide  awake  and  active,  eating, 

3:00  -  All  watching  hole. 

3:05  -  1,  3  and  4  luiet,  eyes  on  hole;  2  nibbling. 

3:10  -  1,  2  and  3  quiet;  4  eating. 

3:15  -  All  awake,  eating,  not  ver;>.'  active. 


71, 


3:20  -  All  patlng  vigorously. 

3;25  -  1  |Uiet;  2,  ^   and  ^i  eating. 

3:30  -  Put  on  coat  and  disturbed  guinea  pigs,  all  watching  hole. 

3:35  -  1  and  3  quiet;  2  and  4  eating. 

3:40  -  All  eating. 

3:45  -  4  running  and  jumping;   2  and  3  eating;    1  eating  quietljr. 

3:50   -  1   quiet;   2,    3  and   4  active,  eating. 

3:52  -  2   jumping  around  and  making  noise. 

3:55  -  1  and  4  resting  quietly;   2  and   3  eating. 

4:00   -  1  and   4  quiet;   2  and  3  eating. 

4:05  -  1  and  3  quiet,   4  half  closed  eyes;    2  eating  vigorously. 

4:10  -  1  and  2  eating;   3  and  '.-  quiet. 

4:15  -  1  and  2  eating;    3  and  4  quiet. 

4:20   -  All  quiet;   4  has  ualf  closed  eyes,  nose  down,  eyes  now  re- 
duced to    tiny   slits. 

4:25  -  Alj.  quiet;    1  ixi  position   of   repose,  eyes  a  little  shut;   <* 
eyps  hall'   shut. 

4:30  -  All  quiet;  all    open  eyes  except  2,  eyes  half  closed  and 
very    still. 

4:35  -  1  and  2  quiet;    3  and    .t  eating  quietly;    1  has   look  of  repose 
and  lies  down  more  completely. 

4:40  -  All   quiet;    1  and  2  not  eating;   2  keeps  i^eling  over,    catches 
himself,   sits  up  again;  eyes  half  closed  for  a  moment  only; 

3  and  <*  chew  busily. 

4:45  -  1  up   and  about   again;  2  settled  down,   quiet,   only  ears 
twitcn,  eyes   -  slits;   4  sane  as  2;   3  chewing, 

4:50  -  4  picture  of  repase;    eyes  merest   slits;   1,   2  and  3  chewing 
again. 

4:55  -  Eyes  of  4  I   should  call  closed,  can  see  no  reflection  from 
them;    1,   2  and   3  sitting   quiet,   3  eatin*j,   -i  alternating  be- 
tween repose  and  chewing  with  half  open  pyes. 

5:00   -  2  is   lying  on  his  side,   quiet  excej  t  for   tv.'itchiiig  ears,  eyes 
half  closed,    ^'erks   up  again,   lay   there  about    two  minutes;    1 
and  3  move  about;    4  continues    the  quietest   of   the   lot,    is   it 
because  he   is   furthest   from  observe"' 

5:05  -  1,   2  and  3  mildly  active;   4  Is  perfectly  still. 

5:10  -  1,  and  2  move  about  quietly,   eating;   3  sitting  motionless, 
eyes  half  closed;    4  cnews;    1  scratches,  eyes  half  closed. 

5:15  -  1  active;    2  eating  busily;    3  very  still,  eyes  barely  visible; 

4  quietly  chewing  as  above. 

5:20    -  1  and   2  eating;    3  and  4  sitting  hunched   up,   still  except  for 
periodic  dleas;   3  comes  to  and  eats  a  bit;   4  remains  quiet, 
eyes  almost  closed. 

5:25  -  All  eating;    4  stretching  ana  moving  about. 

5:30  -  All  eating  quietly,  wide  eyed. 

5:35  -  Wliispered  conversation,  all  sitting  quiet. 
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5:40   -  All   sittinfT    luiet,    3  with  his  nose  down,   eyps  almost  closed. 

5:45  -  All  sitting  quiet,  no  eating,  eyes  open. 

5:50   -  Same. 

5:55  -  1  and  3  perfectly  quiet;   2  and  t  fidgety. 

6:00  -  1  lylnc  with  head  down,   eyes  half  shut  (up  again  in  one 

minute);    3  CDUtinuea  very  still,  eyes  half  closed;   2  and  4 
sitting  quiet  but  alert. 
6:05  -  3  chewing,    others  quiet  but  awaice. 

6:10   -  3  and  4  chewing  vigorously,  wide  awake;    1  and  2  quiet. 
6:15  -  1  feeding;    2,    3  and  4  spasmadica ily  washing  face  and  paws. 

(changed  chair  with  sli^t  noise) 
6:20   -  All   quietly  sitting  in  comers,  awake  but  not  active,     llote 
that  each  animal  sits  in  corner  nearest  oat  supply  most  of 
the  time* 
6:25  -  All  feeding. 
6:30   -  All  feeding  and  wide  awake. 

6:35  -  2  gets  drink;   3  sneezes  violently;   1  and  4  feeding  quietly. 
6:40   -  1  ana   2  rush  about   cage  periouically;    3  and  -±  feeding  quietly. 
6:45  -  3  startled  by  unknown  cause;    1  and  2  respjnd   Instantly;   4  chews 

bed  tranquilly, 
6:50   -  All   quiet. 
6:55  -  All  quiet,  but  awake. 
7:00   -  4  sits  with  half  closed  eyes;    3  ivasiaes  face;    1  drowsy;   2  biting 

hind  leg. 
7:05  -  4  sits  with  half  closed  eyes;   1  and  2  eat;  3  rests,  eyes  open. 
7:10  -  1  and  2  eat   quietly,   3  and  4  at  rest;   ^  begins  to  chew  and 

then   scratch  leg. 
7:15  -  1  and  2  eat   quietly;   3  and  4  at  rpst. 
7:20   -  1  sits  still  chewing;   2,   3  and  •*  at  rest. 
7:30  -  1  eating;,   2,   3  and  4  at  rest;    2  curled  up;    4  makes   stretching 

moveraPTits,   3  and  4  begin  to  nibble. 
7:35   -  1,   2,   3  and  4  eating;   3  at  rest,   eyes  open. 
7:45  -  1  has  been  biting-  at  fleas  vigorously,   settles  down  with  2 

to  rest;   4  feeding;    3  washing  himself. 
7:50   -  1  at  rest;   2,   3  and  4  feeding;   4  most  active. 
7:55  -  1  at  rest,   eyes  half  closed;  3  at  rest;   2  and  4  feeding;   3 
head  falls   over,    Jerked  back. 
:00   -  Same. 

:05  -  1  and  3  at  rest;   2  and  4  feeding, 
;10  -  Same;   2  very  active. 

;15  -  3  at  rest;    1  rushes  around;   2  and  4  quietly  feediiig. 
;20  -  All   chewing. 
:25  -  All  eating  vigorously. 
1 30  -  Same  and  watching  hole. 
[35  -  All  eating  vigorously. 
;40  -  Same  and  cleaning  themselves. 
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8:45   -•  Same. 

8:50  -  Alx   running  about,    leaping'  and   Junipiug,  calling  out. 

8:55  -  Same. 

9:00    -  Same. 

9:05  -  All  eating. 

9:10  -  1  and  3  eating;   Z  and  4  quiet. 

9:15  -  1  eating;   2,    Z  and  4  quiet. 

9:20  -  1  and  Z  eating;    3  and  4  quiet  eyes   open. 

9:30  -  1  eating;   2  quiet,   eyes  open;   3  and  4  eyes  partly  closed, 

9:35  -  All   quiet,   3  and  4  more  relaxed  than  1  and  2. 

9:40  -  All   quiet,    relaxed. 

9:45  -  1  and  3  at  rest;   2  and  4  eating. 

9:50   -  Same. 

9:55  -  4  eating;    1,   2  and   3  resting. 
10:00   -  Alert,    (whispering);    4  eating. 
10:05   -  1,   2  and   3   quiet   relaxed,    4  eating. 
10:10   -  Same. 
10:15  -  2  and   3  quiet,  relaxed;   4  eating;   1  moving,  yawning. 

(whispering) . 
10:20  -  2  and  3  quiet;   2  scratched   twice;   4  quiet  but  alert;   1 

active. 
10:25  -  2,    3  and  4  quiet  and  relaxed;   4  has  eyes  almost  closed; 

2  alert. 
10:30   -  1  eating;   2,   3  and  4  quiet  and  relaxed. 

10:35  -  1  and  2  eating'  and  scratching;    3  and  4  quiet  and  relaxed, 
10:40  -  1,  2  and  3  eating;    1  and  2  very  active,   talking;   't  quiet 

and  relaxed. 
10:45  -  All  eating. 
10:50  -  All  eating  and  talking. 
10:55   -  Same. 

11:00  -  All  eating  vigorously. 
11:05  -  Same, 

11:10   -  Same;    1  and  2   jumping  about. 
11:15  -  All  eating  more   quietly. 
11:20  -  1  and  4  eating;   2  and  3  quiet. 
11:25  -  1  eating;   2,    3  and  4  quiet. 
11:30  -  1  eating;  2,   3  and  'i    luiet. 


Table  1 
ir'eight   in  grams 


Date 

Guinea 
piK  A 

Guinea 
pig  B 

Guinea 
pig  c 

Guinea 
pigD 

Guinea 

Pig  B 

Guinea 

piK  P 

Oct.  14 

222 

236 

182 

261 

255 

316 

..   17 

228 

254 

179 

278 

260 

319.5 

"   24 

251 

271 

207 

299 

286 

330.5 

'•   28 

267 

291 

222 

321.5 

306 

339 

Nov.  2 

288 

291 

246 

331.5 

299 

335 

9 

309 

247 

313 

Growth  of  a  group  of  guinea  pigs  kept  in  the  vault. 
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Table  2 


Date 

Guinea 

pie  A 

Guinea 
pig  B 

Guinea 
pie  C 

Guinea 
pie  D 

Guinea 
pie  E 

Guinea 
pie  P 

(Weights 
in  srama 

i) 
1  222 

236 

182 

261 

255 

316 

ftjt.   18 

20.5 

19.6 

20.8 

22.8 

^3.0 

22.3 

••       19 

22.5 

19.2 

18.8 

20.6 

18.2 

17.5 

'•        20 

21.8 

20.9 

21.5 

23.0 

22.5 

20.0 

21 

20.6 

20.2 

22.1 

20.9 

18.3 

"        22 

20.3 

18.5 

19.7 

19.2 

20.8 

••        23 

22.4 

10.6 

22.0 

22.9 

20.7 

21.8 

"        24 

20.6 

19.8 

21.2 

21.9 

21.7 

Average 

21.24 

19.69 

21.04 

21.73 

20.81 

20.34 

Average 

Activity 

for  23  hours 

20. P 

hours 

Average  Activity 

for  24  hours 

21.6 

hours 

The  amount  of  activity  in  hours  of  six  guinea  pigs  in  the  dark 
for  seven  days . 


Table  3 


Date 

Guinea 
pie  A 

Guinea 
pie  B 

Guinea 
Pie  G 

Guinea 
pie  D 

Guinea 
pie  a 

Guinea 
pie  P 

Nov.  £S 

ie.2 

23.4 

22.4 

23.1 

22.2 

18.3 

"   30 

19.7 

21.1 

20.0 

20.1 

17.6 

16.2 

Dec.  1 

22.7 

20.0 

21.1 

20.8 

19.6 

18.7 

••    2 

18.6 

16.4 

20.2 

21.0 

19.8 

16.0 

3 

20.8 

21.8 

23.4 

22.2 

23.0 

Average 

20.0 

20.54 

21.4 

21.25 

20.3 

18.44 

Average  Activity  for 

24  hours 

20.38 

The  amount  of  activity  in  hours  of  six  guinea  pigs  in  the  aark  for 
five  aays.  The  same  guinea  pigs  that  were  used  in  table  2  -  only 
six  weeks  later. 
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Table  4 


Date 

Guinea 
piK  A 

Guinea 
piff  B 

Guinea 
piR  c 

Guinea 
piRD 

Guinea 
piR  3 

Guinea 
Piff  P 

(.Veights) 
in  grama 

251 

271 

207 

299 

286 

330.5 

Oot.  26 

21.9 

18.9 

19.2 

20.0 

16.9 

18.9 

"       27 

20.3 

19.9 

19.0 

22.6 

22.0 

20.9 

••        28 

20.7 

19. S 

19.1 

19.9 

20.0 

21.6 

••        29 

21.9 

22.2 

21.2 

21.9 

21.7 

21.2 

-•        30* 

10.7 

10.1 

10.6 

10.8 

11.1 

11.4 

••        31 

22.6 

19.8 

20.6 

18.9 

19.9 

18.6 

Nov.     1 

21.8 

19.0 

17.3 

18.0 

16.1 

15.6 

Averages 

21.53 

19.95 

19.40 

20.21 

19.43 

19.46 

Average  Activitj? 

for  23  hours 

19. 

,33  hours 

Average  Activity 

for  24  hours 

20. 

.64  hours 

The  amount  of  activity  in  hours  of  six  guinea  pigs  in  the  light 
for  seven  aays. 

♦  On  a  run  of  12  hours. 
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Table  5 


Date 

Guinea  pig  1 

Guinea  pig  2 

Dec.  11 

a 0.0  hours 

la 

21.8  " 

14 

19.6  hours 

15 

20.6 

Average 


(alone) 


20,55  hours 


Date 

Guinea  pig  A 

Guinea  pig  B 

First  day 

21.1  hours 

20.S  hours 

Second  day 

21.4  •• 

21.5   ■• 

Average      (two  together) 


21.25  hours 


Average      (six  together) 


20,38  hours 


Activity  of  a  guinea  pig  alone  compared  with  the  activity  of 
several  guinea  pigs  together. 
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Table  6 


Date 

Guinea 
pig  1 

Guinea 
viR  2 

Guinea 
Pig  3 

Guinea 
Pig  4 

Feb.  15 

21.6 

22.8 

22.9 

••   16 

20.5 

20.5 

18.3 

21.0 

"   17 

20.0 

21.5 

21.7 

22.5 

'•   18 

18.0 

17.5 

21.5 

20.3 

"   19 

22.7 

23.7 

23.9 

22.1 

Averages 

20.56 

20.6 

21.64 

21.76  21.19 

Showing  the  activity  of  four  guinea  pigs  three  months  old, 


Table  7 


Date 

Guinea 
Pi^  A 

Guinea 
piR  B 

Guinea 
piR  C 

Guinea 
piK  D 

Feb.  23 

23.5 

23.0 

23.6 

24 

22.0 

23.9 

19.6 

20.9 

"   26 

21.7 

19.1 

"   27 

22.1 

22.3 

23.4 

"   28 

21.0 

19.0 

17.0 

Mar.  1 

19.7 

22.7 

17.6 

Averages 

21.66 

22.15 

20.8 

20.1    21.18 

Showing  the  activity  of  four  guinea  pigs  nine  months  old. 
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Table  8 


Guinea    Guinea    Guinea     Guinea     Guinea    Guinea 
Date   pig  A     pig  B      pig  C      pig  D      pig  S     pig  P 


Uov.  3 

20.6 

20.1 

18.9 

19.3 

13.0 

..       4 

21.5 

21.0 

20.5 

21.4 

22.8 

21.4 

"        5 

22.1 

21.3 

20.7 

21.1 

22.6 

22.4 

6 

12.0 

10.8 

11.0 

11.4 

11.4 

12.0 

7 

22.4 

20.9 

22.4 

22.6 

22.6 

23.0 

8 

22.4 

21.3 

22.0 

21.8 

22.4 

23.0 

9 

22.7 

21.8 

22.3 

ZZ,Z 

22.4 

22.8 

Averages 

21.95 

21.05 

21.^ 

21.33 

22.0 

20.93 

Average 
^3  hours 

for 

21.5  hours 

21.42 

hours 

Average  for 

24  hours 22.3  hours 


ZZ,Z   hours 


*  12  hours  only  wjre  measured. 

Amount  of  activity  in  hours  of  three  guinea  pigs  fed  for  an  hour  a  aay 
for  seven  days  compared  with  three  controls  having  food  in  the  cage 
all  of  the  time. 


Table  9 


Pood   one  hour  Controls 

Guinea  Guinea  Guinea  Guinea  Guinea  Guinea 

Date         pig  A  pig  D  pig  F  pig  B  pig  C  pig  E 

222  gns.       333  gma.  S55  ans.  291  gms.        246  gas.  299  ffns. 


Nov.   3 

-14.2;^ 

.2.9, 

0^.-  . 

1.9^i 

2.6°^ 

1.8^^ 

.,       4 

-  1.0^ 

.4^ 

-.^ 

1.4^ 

1.4'^ 

-1.0^ 

"       5 

-1.0"^ 

-1.6^ 

-2.0-:? 

2.2^i 

-1.6% 

2.0^:? 

"        6 

-2.95r 

-2,7fo 

.1'^ 

-2.(rJ 

1.4^ 

-3.8?^ 

7 

0% 

z.sl 

-i.sr. 

,2% 

-1.8^ 

1.8TJ 

"          8 

-1.4^ 

tCTo 

.7^5 

,H 

.7S 

.55S 

9 

Q^        _ 

_-i,M  ___ 

-1^5:S 

2.4^ 

-2.4% 

3.2^2 

Total  ^ 
los3  or 

-4.9^.? 

-5.irj 

^^ 

.4% 

4.55i 

Percentage  loss   in  weight  per  day  of  three  guinea  pigs  fed  for  one  hour 
a  daj7  for  seven  days.       Also  percentage  gain  in  weight  of  three  controls. 
See  Figure  I. 
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Table.  10 


Guinea 
Diff  1 

Guinea 
Di^  2 

Guinea 

Di«  3 

Guinea 
via  4 

Guinea 

viR  5 

Guinea 
Dik-  6 

First  day 

19.4 

16.5 

19.3 

16.4 

12.6 

17.7  hours 

Second  day 

19.9 

18.8 

17.9 

18.7 

16.2 

ai,4  hours 

Third  day 

18.0 

16.6 

17.4 

7.8 

7.1 

7.6  hours 

Amount  of  activity  in  hours  of  three  guinea  pigs  ■  ithout  food  for  three 
days  and  their  controls. 
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Table   11 


Guinea  piK  4 

Sal nea 

pif:  5 

Guinea  plfi  6 

V/ei^t       'J,  loss 

Weit^t 
grams 

^i  loss 

Weight 

A-rams 

^i  loss 

Dec.   6 

35..  .5 

305.0 

305.5 

••       7 

349          -  1.8^^ 

299 

-    \,^l 

298.5 

-22^ 

"       8 

275 

-  s.o'-^ 

267 

-10.7:^ 

••       9 

296.         -6.05J 

253.5 

-    7.8i 

246. 

-  6.8;i 

14       305.5      +2.5*;?  315.5       ^-20.3^  305.         +19.^o 


Loss   in  weight  of  three  guinea  pigs  without  food  for  tliree  days  and 
their  recovery.         See  Figure  II. 
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Table  12 


Guinea         Weight       No.   of  revo-       Distance       Time         Loss   in 
pig  grams  lutions  miles  hoiu's       wei^^t 


E 

245 

789 

.81 

3 

3 

A 

249 

793 

.82 

2.25 

6 

D 

254 

757 

.77 

5 

c 

1:64 

.73 

3.16 

6 

B 

309 

1636 

1.67 

4.75 

6 

P 

314 

1951 

1.90 

5.83 

5 

Data  concerning  six  guinea  pigs   fatigued  to  the  point  of  extreme 
exhaustion. 
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Table   13 


Date 

Temperature 
1^  noon 

Guinea 
piK  A 

Guinea 

TJiK    B 

Guinea 
via  C 

Average 
Activity 

ATDrll  4 

65' 

17.3 

20.6 

19.1 

19.0 

'•       5 

65' 

21.7 

20.4 

21.8 

21.3 

'»       6 

65' 

i;1.2 

23.4 

21.0 

21.8 

••       7 

65' 

21.2 

^2.8 

20.0 

21.3 

••       8 

79' 

17.0 

20.0 

19.1 

9 

83* 

15.8 

17.3 

16.3 

16.4 

"     10 

85* 

10.0 

13.0 

13.4 

12.1 

••     11 

85' 

12.7 

13.3 

11.6 

12.5 

•'     12 

79' 

15.1 

15.3 

14.9 

15.1 

"     13 

84' 

12.0 

11.3 

7.7 

10.3 

"     14 

86' 

10.8 

9.0 

7.7 

9.1 

"     15 

87' 

10.4 

12.1 

10.7 

11.1 

87' 

9.3 

7.5 

8.1 

7.9 

Showing  the   influence   of  temperature   upon  the  activity  of  the  guinea  pig. 


Fatigued  for  one  aour 
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Table  14 


Guinea     Activity    Activity    ,i  diff , 
pig       1st  hour    1st  hour 
fatigued 


Activity    Activity   ,o  diff. 
2nd  hour    2nd  hour 
fatiA^ued 


No.  45 

719 

634 

-11.3 

696 

667 

-4.1 

Control 
No.  40 

481 

273 

-43.2 

286 

252 

-11.8 

No.  42 

774 

806 

¥   4.2 

588 

746 

+27  .0 

Control 
No.  47 

1425 

1278 

-10.3 

1210 

666 

-44.9 

NO.  46 

1334 

1039 

4.10.3 

1189 

1120 

-  5.9 

Control 
No.  40 

193 

235 

+21.7 

172 

288 

+67.4 

No.  43 

1690 

1307 

-22.6 

1113 

1221 

+  9.7 

Control 
NO.  44 

1346 

1372 

+  2.7 

1201 

1168 

+  2.7 

Fatigued 

for  one  and 

one  half 

iiPurs 

No.  45 

898 

1336 

+48.7 

797 

930 

*24.2 

Control 

No.  44 

125 

224 

+79.2 

128 

286 

+45.3 

No.  42 

961 

972 

+  1.1 

726 

227 

-68.7 

Control 

1533 

9'*2 

-38.7 

1331 

1238 

-  3.3 

No.  46 

998 

1286 

+23.9 

773 

993 

+26.0 

Control 
No.  44 

93 

241 

rl59.0 

77 

223 

+189.0 

No.  43 

1278 

438 

-65.7 

1030 

613 

-•^.4 

Control 
No.  47 

1148 

943 

-18.0 

905 

1216 

+34.3 

33. 


Fatigued  for  two  hours 


Guinea 

Ist  hour 

1st  hour 
fatlK-ued 

%  diff . 

2nd  hour 

2nd  hour 
fatlKued 

%  diff. 

No.  45 

656 

731 

+11.4 

821 

749 

-8.7 

Control 

No.   44 

696 

635 

-  3.8 

689 

703 

^.2.0 

No.   42 

458 

128 

"72.0 

288 

126 

-56.2 

Control 
No.  47 

422 

326 

-22.7 

724 

782 

+8.0 

No.  46 

974 

784 

-19.5 

725 

517 

-28.6 

Control 
No.  44 

698 

754 

+  8.0 

749 

423 

-43.5 

No.  43 

299 

211 

-29.5 

398 

220 

-44.9 

Control 
No.  47 

550 

675 

t.22.7 

253 

571 

4125.6 

Fatigued  for  two  and  one  half  hours 


No.   45 

817 

597 

-39.1 

588 

312 

-46.8 

Control 

No.   44 

776 

703 

-  9.5 

455 

412 

-  9.4 

NO.  42 

378 

644 

+70.3 

276 

'^9 

+48.1 

Control 
No.   -*7 

423 

245 

-42.0 

360 

241 

*33,0 

Np-    46 

776 

524 

-32.4 

812 

375 

-52.8 

Control 

No.   44 

434 

306 

-29.4 

148 

116 

-21.8 

No.  43 

506 

702 

^.38. 7 

545 

665 

+22.0 

Control 
No.  47 

109 

220 

4101.8 

225 

210 

-6.6 

89, 


Patlgged  for  three  hours 


Guinea 

1st  hour 

lat  hour 
fatifTued 

I  diff . 

2nd  hour 

2nd  hour 
fatiKued 

%  diff. 

Ho.  45 

584 

652 

+11.6 

385 

684 

+77.6 

Control 
No.  44 

250 

390 

+56.0 

268 

266 

-     .7 

* 

No.  42 

563 

^88 

-84.2 

571 

93 

-83.7 

Control 
No.   47 

362 

290 

-13.8 

156 

364 

+133.0 

No.   46 

750 

1252 

+66.8 

711 

816 

+14.7 

Control 
No.  44 

296 

718 

+159.0 

382 

689 

+80.3 

No.  43 

230 

341 

+48.2 

210 

2-4 

+6.6 

Control 
No.  47 

362 

265 

-26.8 

253 

275 

+8.6 

*  Guinea  pig  42  did  not  look  well  before  he  was  fatigued.       He  a  led   in  a 
few  days. 

iJhov/ing  the  number  of  movements  of  guinea  pigs  before  and  after  being 
fatigued   in  a    revolving  drum  for  increasing  increments  of  time,  with  per- 
centage difference. 
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Table   15 


Fatigued       Fatigued  Fatitrued     Fatitnecl  Fatigued 


Guinea  Pig 

1  hour 
Krams 

11  1/i  hours 
fframs 

^  hours 
ta;raras 

21  \fc.  hours 
fcrams 

3  hours 
scrams 

Ho.   45   (3061 

3.5 

4.5 

4.5 

4.5 

7.0 

No.   42   (7?0) 

i:.o 

2.5 

6.0 

4.0 

15.0 

No.   43   (2451 

0 

1.0 

3.0 

4.0 

3.0 

No.   46   (2681 

.5 

.5 

5.0 

6.0 

8.0 

Average  loss 

1.5 

2.1 

4.6 

4.6 

8.2 

loss   of  wei^t   of  four   guinea  pigs  fatigued  on    successive  days  for   in- 
creasing periods   of  time. 
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Table  16 


Date 

Gui: 

Gui 

nea  pis  2 

3 

Gu: 

inea  pis  4 

Nov.   19 
Obs.  Exp. 

14.5 

15.4 

13.8 

15.9 

Hov.  20 

15.6 

16.8 

16.0 

18.1 

"        21 

19.8 

22.7 

18.9 

19.2 

"        22 

17.0__      _ 

20.7 

13.0 

19.8 

The  amount  of  activity  in  hours  of  the  four  ^"uinea  pigs  in  the  Observa- 
tion Experiment  and  the  tnree  succeedintj  days. 
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Table  17 


Date 

Pie  A 
hours 

Pig  B 
hours 

nat  A 
hours 

Eat   3 
hours 

Nov.   10 

23.1 

23.3 

13.8 

9.2 

••       11 

20.3 

21.9 

17.2 

10.5 

"        12 

22.3 

23.4 

12.1 

8.0 

••        13 

21.0 

22.6 

11.6 

9.5 

Averages 

21.7 

13.7 

9.3 

22.28  11.5 


The  amount   of  activity;   of  two   guinea  pigs  and  two  rats  in  the  vault 
together  for  four  days.       See  Figure  V. 
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Table  18 


Date 

Pie  A 

hours 

Pie  B 
hours 

Rat  A 
hours 

Rat  a 
hours 

Nov.  10 

.9 

.7 

10.2 

14.8 

"   11 

.3.7 

2.1 

6.8 

"   12 

1.7 

.6 

11.9 

16.0 

'•   13 

3.0 

1.4 

12.4 

14.5 

Averages 

2.3 

1.2 

10.3 

14.7 

1.75  12.5 


The  amount  of  rest  of  txio   Guinea  pigs  and  two  rats  In  the  vault 
together  for  four  days.    See  Figure  YI. 


Table   19 


PiK  A 

PiK  B 

Rat  A 

Rat  B 

Total  Activity 
hours 

21,1 

20.9 

12.6 

10.9 

Activity 

6  a.m.  -  6  p.m. 

10.6 

10,6 

5.0 

3.4 

Activity 

6  p.m.  -  6  a.m. 

10.5 

10,6 

7.6 

7.5 

Total  Rest 

2.9 

3.1 

11.4 

13.1 

Rest 

6  a.m.  -  6  p.m. 

1.4 

1.4 

7.0 

8.6 

Rest 

6  p.m.  -  6  a.m. 

1.5 

1.7 

%.4 

^.5 

Second  day 

Total  Activitv 

21,4 

21.5 

9.3 

6.7 

Activity 

6  a.m.  -  6  p.m. 

11.2 

10.9 

3.5 

2.5 

Activity 

6  p.m.  -  6  a.m. 

10.2 

10.6 

5.8 

4.2 

Total  rest 

2.6 

2.5 

14.7 

17.3 

Rpst 

6  a.m.  -  6  p.n. 

.3 

1.1 

8,5 

9.5 

Rest 

6  p.m.  -  6  a.m. 

1,8 

1,4 

6.2 

7.8   __ 

Average  Activity 

21 

.2£ 

9 

.87 

Average  Activity 
6a.m.  -6p.ra. 

10. 

.8 

3 

.87 

Average  Activity 
6  p.m.  -  6  a.m. 

10, 

.4 

6 

.27 

Average  Heat 

2. 

,77 

14, 

.1 

Average  Rest 

6  a.m.  -  6  p.m. 

1. 

.17 

B, 

.4 

Average  Rest 
6  p.m.  -  6  a.m. 

1. 

.6,. 

.5. 

.7... 

The  amount  of  activity  and  of  rest  of  two  b'liiaea  pigs  and  two  rats   in 
the  vault  alone   for   two  days. 
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Plate  1. 
Activity  Recording  Apparatus. 


Plate  2  A. 


Revolving  cage  used   in  fatiguing  the  guinea  pig. 
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Plate  Z  B. 


Map  Measurer. 
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Plate  3. 

Showing  the  "continuous"  activity;  {jeriads   or    over  ten  minutes 
of  three  different  guinea  jiiga. 

I,     The  activity   of   the  same  guinea  pig  on  three  different 
days. 
II,     The  activity   of   three  cifferent  guinea  pi^:s   on  the   same 
day    in  the  dark. 
III.     The  activity   of  three  different  guinea  pigs   on  the   same 
day  in  the   light. 
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Plate  4. 


An   orif-inal  record  showing  the  activity  of 
six  guinea  pigs  in  the  dark. 


FOLD  OUT 
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Plate  5. 

An  original  record  showing  the  activity  of 
six  guinea  pigs  in  the  light. 


FOLD  OUT 


101. 


Plate   6. 


Original  records  showiii^,'  the  activity  of  two  rats  and 
two  guinea  pigs  fron  t^7elve  to  two  o'clock  during  the 
day  and  from  twelve  to    two   o'clock  at  night. 
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FOLD  OUT 
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Plate  7. 


Original  records  showing  the  activity;  of  two  guinea 
pigs  at  a  temperature  of  65  F.  (upper  record)  and 
at  a  temperature  of  85^^  F.  (lower  record). 


FOLD  OUT 
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VIgA 
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